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EPISODE CLASSIFIER ALGORTHM 

TECHNICAL FIELD 

The invention relates to an algorithm for classifying car 
diac episodes detected by an implantable medical device 
(IMD). 

BACKGROUND 

Some implantable medical devices (IMDs) monitor physi 
ological parameters or signals of the patients within which 
they are implanted. Such implantable medical devices may 
detect episodes based on the monitoring. An IMD may store 
a variety of data regarding detected episodes, and a clinician 
may retrieve the episode data from the IMD for diagnosing 
the patient and/or confirming the accuracy of the detection of 
the episodes by the IMD. For example, implantable cardio 
verter-defibrillators (ICDs) may detect cardiac episodes, such 
as tachyarrhythmia episodes, based on monitoring cardiac 
electrogram signals and, in Some cases, additional physi 
ological signals or parameters. A clinician may review the 
data stored by the ICD for the episodes to confirm that accu 
racy of the diagnosis of tachyarrhythmia by the ICD. 
As the memory capacity and diagnostic capabilities of 

IMDs, such as ICDs, increases, the amount of time required to 
adequately review the retrieved data to determine whether the 
detection of episodes and delivery of therapy by the device 
was appropriate also increases. Manual review of episodes 
may be challenging because of the number of patients a 
clinician follows, an increase in the total number of episodes 
to review and the significant level of expertise required. Addi 
tionally, the time available for clinicians with expertise to 
review each episode has been reduced. This may result in a 
reduction in the quality of management of those patients 
having implanted devices. 

Automated algorithms for post-processing cardiac epi 
sodes previously detected by ICDs have been proposed to 
address these concerns. Such algorithms generally evaluate 
the cardiac electrogram and other data stored by an ICD for an 
episode to provide an independent classification of the epi 
sode. The post-processing classification may be compared to 
the classification made by the ICD to determine the accuracy 
of the classification by the ICD. Such algorithms may poten 
tially suggest ICD parameter changes and/or changes to 
medical therapy, Such as changes in medication, therapy 
delivery, use of ablation procedures, etc. One algorithm for 
automated algorithms for post-processing of cardiac episodes 
is disclosed in U.S. Pat. No. 7,894,883 to Gunderson et al., 
which is incorporated herein by reference in its entirety. 

SUMMARY 

In general, the disclosure describes techniques for improv 
ing episode classification during post-processing. In various 
examples consistent with the present disclosure, an episode 
classification algorithm may include, for example, a sinus 
template and a template matching algorithm. 

In one example, a method comprises collecting a sinus 
template from a first ventricular EGM signal, wherein the 
sinus template comprises a portion of the first ventricular 
EGM signal including at least one ventricular beat, and 
wherein collecting the sinus template comprises collecting 
the sinus template from a portion of the ventricular EGM that 
occurred when the ventricular EGM signal and an atrial EGM 
signal indicated a one to one ratio of atrial events to Ventricu 
lar events, a P-R interval greater than a first predetermined 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
threshold, an R-R interval greater than a second predeter 
mined threshold, and two consecutive R-R intervals within a 
predetermined range. The method further includes compar 
ing the sinus template to a second Ventricular EGM signal, 
and determining, based on the comparison, whether the mor 
phology of the second ventricular EGM signal matches the 
sinus template. 

In another example, the disclosure is directed to a proces 
Sor configured to collect a sinus template from a first ven 
tricular EGM signal, wherein the sinus template comprises a 
portion of the first ventricular EGM signal including at least 
one ventricular beat, and wherein collecting the sinus tem 
plate comprises collecting the sinus template from a portion 
of the ventricular EGM that occurred when the ventricular 
EGM signal and an atrial EGM signal indicated a one to one 
ratio of atrial events to ventricular events, a P-R interval 
greater than a first predetermined threshold, an R-R interval 
greater than a second predetermined threshold; and two con 
secutive R-R intervals within a predetermined range. The 
processor is further configured to compare the sinus template 
to a second Ventricular EGM signal, and determine, based on 
the comparison, whether the morphology of the second ven 
tricular EGM signal matches the sinus template. 

In another example, the disclosure is directed to a device 
comprising means for collecting a sinus template from an 
EGM signal; the sinus template collected when the EGM 
signal has a one to one ratio of atrial events to Ventricular 
events, a P-R interval greater than 80 milliseconds (ms), an 
R-R interval greater than 500 ms; and two consecutive R-R 
intervals within 50 ms of each other; means for comparing the 
sinus Ventricular beat template to a second EGM signal, and 
means for determining, based on the comparison, whether the 
morphology of the second EGM signal matches the sinus 
template. 

In another embodiment, the invention is directed to a com 
puter-readable medium containing instructions. The instruc 
tions cause a programmable processor to collect a sinus tem 
plate from a first ventricular EGM signal, wherein the sinus 
template comprises a portion of the first ventricular EGM 
signal including at least one ventricular beat, and wherein 
collecting the sinus template comprises collecting the sinus 
template from a portion of the ventricular EGM that occurred 
when the ventricular EGM signal and an atrial EGM signal 
indicated a one to one ratio of atrial events to Ventricular 
events, a P-R interval greater than a first predetermined 
threshold, an R-R interval greater than a second predeter 
mined threshold; and two consecutive R-R intervals within a 
predetermined range, compare the sinus template to a second 
ventricular EGM signal, and determine, based on the com 
parison, whether the morphology of the second Ventricular 
EGM signal matches the sinus template. 
The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a conceptual diagram illustrating an example 
system for classifying a cardiac episode consistent with an 
example of the present disclosure. 

FIG. 2 is a conceptual diagram illustrating the implantable 
medical device (IMD) and leads of the system shown in FIG. 
1 in greater detail. 

FIG. 3 is a block diagram illustrating an example IMD of 
FIG 1. 
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FIG. 4 is a block diagram illustrating an example system 
that includes and external device. Such as a server, and one or 
more computing devices that are coupled to the IMD and 
programmer shown in FIG. 1 via a network. 

FIG. 5 is a block diagram illustrating an example program 
mer of FIG. 1. 

FIG. 6A is a flow chart illustrating an example episode 
classification algorithm for an EGM signal on a near-field 
channel. 

FIG. 6B is a flow chart illustrating an example episode 
classification algorithm for an EGM signal on a far-field 
channel. 

FIG. 6C is a flow chart illustrating an example method of 
determining a final classification for an episode classified on 
both a near-field channel and a far-field channel. 

FIG. 7 is a flow chart illustrating an example method of 
determining a classification for an episode using a sinus 
rhythm template. 

FIG. 8 is a flow chart illustrating an example method of 
classifying an episode when the ratio of atrial sensed events 
and Ventricular sensed events is 1:1. 

FIG. 9A is an example marker channel having a 1:1 ratio. 
FIG.9B is an example marker channel having a 1:1: ratio. 
FIG. 10 is an example method for automatically selecting 

a sinus template after anti-tachycardia pacing (ATP). 
FIG. 11 is an example method for automatically selecting 

a sinus template from a pre-onset EGM signal. 
FIG. 12 is an example EGM signal including ATP and a 

selected sinus template. 
FIG. 13 is an example pre-onset EGM signal including a 

selected sinus template. 

DETAILED DESCRIPTION 

This disclosure describes techniques for classifying car 
diac episodes. In particular, the disclosure is describes tech 
niques for an external device to evaluate a prior classification 
of an episode by an implantable medical device (IMD). The 
techniques described below may be used alone or in combi 
nation. 

In general, an IMD transmits electrogram (EGM) signal 
data or other data associated with a cardiac episode diagnosed 
by the IMD to an external computing device. In some 
examples the data is transmitted after the episode is over. In 
Some examples, the data is transmitted at predetermined 
intervals. The data stored by an IMD for a cardiac episode 
diagnosed by the IMD may include the diagnosis made by the 
IMD and data leading up to diagnosis of the particular cardiac 
episode. In some examples, IMD may include episodes 
resulting in either anti-tachycardia pacing or a shock in 
response to a diagnosis of either ventricular tachycardia or 
ventricular fibrillation. It is also possible that the IMD may 
have misdiagnosed a Supraventricular tachycardia (SVT), 
Such as sinus tachycardia or an atrial arrhythmia, or noise as 
a treatable, i.e., shockable, episode. 

In some examples, an external computing device analyzes 
the EGM signal that was previously used by the IMD to 
classify an episode, and generates its own classification of the 
episode based on the EGM signal. In some examples, the 
external device determines whether the classification of the 
episode by the IMD was correct by comparing its classifica 
tion of the episode to that of the IMD. The techniques 
described below may reduce the number of episodes that the 
external device is unable to classify with a reasonable degree 
of confidence. 

In some examples, a post-processing classification algo 
rithm may reduce the number of EGM episodes that are 
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4 
unable to be classified confidently by classifying an single 
episode based on information from both a near-field (NF) 
EGM channel and a far-field (FF) EGM channel. The use of 
both the NF and FF channels allows for classification even in 
instances where one or the other channel would result in an 
unknown classification. This more robust classification sys 
tem compensates for over- or under-sensing or other sensing 
problems that may occur on one of the two channels. Consis 
tent with the present disclosure, the FF EGM channel is given 
priority assuming that the episode on the FF EGM channel is 
not classified as unknown by the algorithm. Additionally, in 
Some examples where an episode is determined to include 
ventricular over-sensing (VOS) on either channel, then the 
final classification is ventricular over-sensing, regardless of 
which channel is categorized as Ventricular over-sensing. 
A post-processing classification algorithm using both a NF 

EGM channel and A FF EGM channel may be different in 
certain respects for each channel. For example, different 
thresholds may be used on the NF and FF channel. In addi 
tion, when comparing a channel signal to a template, the 
template may be specific to the channel. 

In some examples, a post-processing classification algo 
rithm may additionally or alternatively reduce the number of 
unknown EGM episode by using a sinus tachycardia tem 
plate. A sinus tachycardia template, referred to herein as a 
sinus template, is a template comprising one or more ven 
tricular or atrial beats, e.g., including one or more R-waves or 
P-waves, derived from Ventricular electrogram data including 
one or more beats during sinus rhythm. In some examples, an 
atrial template may be used to discriminate true P-waves from 
far-field R-waves detected incorrectly by an IMD as P-waves. 

Either an IMD device or an external device may capture a 
sinus template automatically based on a variety of character 
istics. A sinus template may be automatically selected by an 
IMD or an external device based on a number of factors which 
would lead to a conclusion that the cardiac rhythm underlying 
the candidate ventricular EGM data is a sinus tachycardia, 
including a rhythm with a 1:1 ratio of atrial sensed (A) events 
to ventricular sensed (V) events, a PR (P-wave to R-wave) 
interval of greater than 80 milliseconds (ms), an RR (R-wave 
to R-wave) interval greater than 500 ms, and two consecutive 
RR interval values within less than 50 ms of each other. The 
template may be selected either from a post ATP rhythm or 
from a pre-diagnosis rhythm, assuming the appropriate crite 
ria are met. 
A sinus template may also be selected from an episode that 

has been classified either by an IMD or an external computing 
device as Supraventricular tachycardia. A ventricular beat 
leading up to diagnosis as SVT is selected and stored as a 
template. In some examples, templates may be stored for each 
channel providing an EGM signal. The templates may then be 
compared to EGM signals from the same respective channel. 
The sinus template may be used by a post-processing algo 

rithm to determine whether the morphology of the beats 
within an episode corresponds to the sinus template. If the 
morphologies match, the episode is classified as Supraven 
tricular tachycardia (SVT). In some examples, a different 
sinus template may be compared to beats for each of a plu 
rality of EGM signals associated with a particular cardiac 
episode. Such a classification of an episode received from 
IMDby an external post-processing algorithm may indicate a 
misdiagnosis by the IMD. 
A sinus template may also be used by an IMD for real-time 

detection decisions. In some examples, a sinus template is 
used either to strengthen or make a detection decision within 
an IMD. If the current ventricular rate places the rhythm 
within the VTVF Zone, a current ventricular EGM beat mor 
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phology is compared to the sinus template. If the current beat 
morphology and the sinus template match, then the IMD 
withholds detection of VTVF. If the two do not match, then 
IMD continues with a VT/VF detection algorithm. 
The present disclosure also includes an example method of 5 

classifying an episode when a 1:1 ratio of atrial sensed events 
to ventricular sensed events is present. The method of classi 
fication may be used by an IMD in real time to diagnosis a 
cardiac event, or by an external computing device to evaluate 
the diagnosis of an event by the IMD. When a 1:1 ratio of 
atrial sensed events to Ventricular sensed events is present, a 
determination may be made as to whether there are changes in 
the interval between atrial sensed events or the interval 
between Ventricular sensed events. In some examples this 
may be determined by looking at consecutive PP intervals and 
consecutive RR intervals. If there is a change in interval 
length outside of a range considered to be normal fluctuation, 
a determination may be made as to whether both the RR 
intervals and PP intervals are changing, and if they are chang- 20 
ing in the same direction. That is, if a change in one interval 
is followed by a corresponding change in the other interval. 

If the same interval (e.g., PP or RR) leads the change 
consistently, then that interval is determined to be the leading 
interval. Based on the leading interval, the associated cham- 25 
bers, either theatrium for a PP interval, or the ventricles for a 
RR interval, are determined to be leading the contractions of 
the heart. If the contractions are originating in theatrium, then 
the rhythm is classified as SVT. If the rhythm is originating in 
the ventricles, the rhythm is classified as VT or VF. 30 

The classification scheme based on leading interval may be 
used in conjunction with a greater classification algorithm, 
such as one using both a NF EGM channel and a FF EGM 
channel during a classification. The leading interval classifi 
cation scheme may also be used in conjunction with a clas- 35 
sification algorithm that uses a sinus template. 

In general, a post-processing classification may be used to 
evaluate prior classification of episodes by an IMD. An exter 
nal device may reprogram and/or make modification to the 
operation of the implantable device based on the reclassifica- 40 
tion of one or more episodes by the external device. 

FIG. 1 is a conceptual diagram illustrating an example 
system 10 for classifying a cardiac episode consistent with an 
example of the present disclosure. As illustrated in FIG. 1, a 
system for classifying episodes according to an example of 45 
the present disclosure includes an implantable medical device 
(IMD) 16. Such as an implantable cardiac pacemaker, 
implantable cardioverter/defibrillator (ICD), or pacemaker/ 
cardioverter/defibrillator, for example. IMD 16 is connected 
to leads 18, 20 and 22 and is communicatively coupled to a 50 
programmer 24. 
IMD 16 senses electrical signal attendant to the depolar 

ization and repolarization of heart 12, e.g., a cardiac electro 
gram (EGM), via electrodes on one or more leads 18, 20 and 
22 or the housing of IMD 16. IMD 16 may also deliver 55 
therapy in the form of electrical signals to heart 12 via elec 
trodes located on one or more leads 18, 20 and 22 or a housing 
of IMD 16, the therapy may be pacing, cardioversion and/or 
defibrillation pulses. IMD 16 may monitor EGM signals col 
lected by electrodes on leads 18, 20 or 22, and based on the 60 
EGM signal diagnosis and treat cardiac episodes. 

Programmer 24, or another external computing device, 
may evaluate the classifications made by IMD 16. A system 
for classifying episodes according to the present disclosure 
may additionally or alternatively include other medical 65 
devices, such as a cardiomyostimulator, a drug delivery sys 
tem, cardiac and other physiological monitors, electrical 
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stimulators including nerve, muscle and deep brain stimula 
tors, cochlear implants and heart assist IMDS or pumps, for 
example. 

Leads 18, 20, 22 extend into the heart 12 of patient 14 to 
sense electrical activity of heart 12 and/or deliver electrical 
stimulation to heart 12. In the example shown in FIG. 1, right 
ventricular (RV) lead 18 extends through one or more veins 
(not shown), the Superior Vena cava (not shown), and right 
atrium 26, and into right ventricle 28. Left ventricular (LV) 
coronary sinus lead 20 extends through one or more veins, the 
Vena cava, right atrium 26, and into the coronary sinus 30 to 
a region adjacent to the free wall of left ventricle 32 of heart 
12. Right atrial (RA) lead 22 extends through one or more 
veins and the Vena cava, and into the right atrium 26 of heart 
12. In some examples, the leads may be placed in different 
locations. For example, at least one lead may be on the outside 
of the heart. Although shown with leads 18, 20 and 22, in 
some examples IMD 16 may be include more or less leads. 

In some examples, programmer 24 takes the form of a 
handheld computing device, mobile device, computer work 
station or networked computing device that includes a user 
interface for presenting information to and receiving input 
from a user A user, Such as a physician, technician, Surgeon, 
electro-physiologist, or other clinician, may interact with pro 
grammer 24 to retrieve physiological or diagnostic informa 
tion from IMD 16. A user may also interact with programmer 
24 to program IMD 16, e.g., select values for operational 
parameters of the IMD. Programmer 24 may include a pro 
cessor configured to evaluate EGM signals transmitted from 
IMD 16 to programmer 24. In some examples, as described in 
greater detail below, programmer 24 may evaluate a prior 
classification of an episode by IMD 16. 
IMD 16 and programmer 24 may communicate via wire 

less communication using any techniques known in the art. 
Examples of communication techniques may include, for 
example, low frequency or radiofrequency (RF) telemetry. 
Other techniques are also contemplated. In some examples, 
programmer 24 may include a programming head that may be 
placed proximate to the patient’s body near the IMD 16 
implant site in order to improve the quality or security of 
communication between IMD 16 and programmer 24. In 
Some examples, programmer 24 may be located remotely 
from IMD 16, and communicate with IMD 16 via a network. 
Programmer 24 may also communicate with one or more 
other external devices using a number of known communica 
tion techniques, both wired and wireless. 

In some examples, data acquired by IMD 16 can be moni 
tored by an external system, such as the programmer 24. The 
classification of cardiac episodes according to an example of 
the present disclosure may take place in the programmer 24 
once the required data is transmitted from IMD 16 to the 
programmer 24. IMD 16 may provide both a near-field and a 
far-field EGM signals to programmer 24. In some examples, 
programmer 24 or IMD 16 may transmit the required data to 
another external device, not shown in FIG. 1, for processing 
and classification. 

FIG. 2 is a conceptual diagram illustrating IMD 16 and 
leads 18, 20 and 22 of system 10 in greater detail. In the 
illustrated example, bipolar electrodes 40 and 42 are located 
adjacent to a distal end of lead 18. In addition, bipolar elec 
trodes 44 and 46 are located adjacent to a distal end of lead 20, 
and bipolar electrodes 48 and 50 are located adjacent to a 
distal end of lead 22. In alternative embodiments, not shown 
in FIG. 2, one or more of leads 18, 20 and 22, e.g., left 
Ventricular lead 20, may include quadrapole electrodes 
located adjacent to a distal end of the lead. 
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In the illustrated example, electrodes 40, 44 and 48 take the 
form of ring electrodes, and electrodes 42, 46 and 50 may take 
the form of extendable helix tip electrodes mounted retract 
ably within insulative electrode heads 52, 54 and 56, respec 
tively. Leads 18, 20, 22 also include elongated electrodes 62, 
64, 66, respectively, which may take the form of a coil. In 
some examples, each of electrodes 40, 42, 44, 46, 48.50, 62. 
64 and 66 is electrically coupled to a respective conductor 
within the lead body of its associated lead 18, 20, 22 and 
thereby coupled to circuitry within IMD 16. 

In some examples, IMD 16 includes one or more housing 
electrodes, such as housing electrode 4 illustrated in FIG. 2, 
which may be formed integrally with an outer surface of 
hermetically-sealed housing 8 of IMD 16 or otherwise 
coupled to housing 8. In some examples, housing electrode 4 
is defined by an uninsulated portion of an outward facing 
portion of housing 8 of IMD 16. Other divisions between 
insulated and uninsulated portions of housing 8 may be 
employed to define two or more housing electrodes. In some 
examples, a housing electrode comprises Substantially all of 
housing 8. 

Housing 8 encloses a signal generator that generates thera 
peutic stimulation, such as cardiac pacing, cardioversion and 
defibrillation pulses, as well as a sensing module for sensing 
electrical signals attendant to the depolarization and repolar 
ization of heart 12. Housing 8 may also enclose a memory for 
storing the sensed electrical signals. Housing 8 may also 
enclose a telemetry module for communication between IMD 
16 and programmer 24. 
IMD 16 senses electrical signals attendant to the depolar 

ization and repolarization of heart 12 via electrodes 4, 40, 42, 
44, 46, 48, 50, 62, 64 and 66. IMD 16 may sense such 
electrical signals via any bipolar combination of electrodes 
40, 42, 44, 46, 48, 50, 62, 64 and 66. Furthermore, any of the 
electrodes 40, 42, 44, 46, 48, 50, 62. 64 and 66 may be used 
for unipolar sensing in combination with housing electrode 4. 
The illustrated numbers and configurations of leads 18, 20 

and 22 and electrodes are merely examples. Other configura 
tions, i.e., number and position of leads and electrodes, are 
possible. In some examples, system 10 may include an addi 
tional lead or lead segment having one or more electrodes 
positioned at different locations in the cardiovascular system 
for sensing and/or delivering therapy to patient 14. For 
example, instead of or in addition to intercardiac leads 18, 20 
and 22, System 10 may include one or more epicardial or 
Subcutaneous leads not positioned within the heart. 

FIG. 3 is a block diagram illustrating an example IMD 16 
that monitors EGM signals and classifies the underlying car 
diac rhythm as abnormal before providing a therapeutic 
response. In the illustrated example, IMD 16 includes a pro 
cessor 70, memory 72, signal generator 74, sensing module 
76, telemetry module 78, episode classifier 80, and activity 
sensor 82. Memory 72 includes computer-readable instruc 
tions that, when executed by processor 70, cause IMD 16 and 
processor 70 to perform various functions attributed to IMD 
16 and processor 70 herein. Memory 72 may include any 
Volatile, non-volatile, magnetic, optical, or electrical media, 
Such as a random access memory (RAM), read-only memory 
(ROM), non-volatile RAM (NVRAM), electrically-erasable 
programmable ROM (EEPROM), flash memory, or any other 
digital or analog media. 

Processor 70 may include any one or more of a micropro 
cessor, a controller, a digital signal processor (DSP), an appli 
cation specific integrated circuit (ASIC), a field-program 
mable gate array (FPGA), or equivalent discrete or analog 
logic circuitry. In some examples, processor 70 may include 
multiple components, such as any combination of one or 
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8 
more microprocessors, one or more controllers, one or more 
DSPs, one or more ASICs, or one or more FPGAs, as well as 
other discrete or integrated logic circuitry. The functions 
attributed to processor 70 herein may be embodied as soft 
ware, firmware, hardware or any combination thereof. 

Generally, processor 70 controls signal generator 74 to 
deliver stimulation therapy to heart 12 of patient 14 according 
to a selected one or more of therapy programs or parameters, 
which may be stored in memory 72. As an example, processor 
70 may control signal generator 74 to deliver electrical pulses 
with the amplitudes, pulse widths, frequency, or electrode 
polarities specified by the selected one or more therapy pro 
grams or parameters. In some examples, processor 70 may 
control signal generator 74 to deliver therapeutic stimulation 
responsive to a diagnosis or classification of an EGM signal 
by episode classifier80. 

Signal generator 74 is configured to generate and deliver 
electrical stimulation therapy to patient 14. As shown in FIG. 
3, signal generator 74 is electrically coupled to electrodes 4. 
40, 42, 44, 46, 48.50, 62.64 and 66, e.g., via conductors of the 
respective leads 18, 20, and 22 and, in the case of housing 
electrode 4, within housing 8. For example, signal generator 
74 may deliver pacing, defibrillation or cardioversion pulses 
to heart 12 via at least two of electrodes 4, 40, 42, 44, 46, 48, 
50, 62. 64 and 66. In some examples, signal generator 74 
delivers stimulation in the form of signals other than pulses 
Such as sine waves, square waves, or other substantially con 
tinuous time signals. 

Signal generator 74 may include a Switch module (not 
shown) and processor 70 may use the switch module to select, 
e.g., via a data/address bus, which of the available electrodes 
are used to deliver the electrical stimulation. The Switch mod 
ule may include a Switch array, Switch matrix, multiplexer, or 
any other type of switching device suitable to selectively 
couple stimulation energy to selected electrodes. Electrical 
sensing module 76 monitors electrical cardiac signals from 
any combination of electrodes 4, 40, 42, 44, 4648, 50, 62, 64. 
and 66. Sensing module 76 may also include a switch module 
which processor 70 controls to select which of the available 
electrodes are used to sense the heart activity, depending upon 
which electrode combination is used in the current sensing 
configuration. 

Sensing module 76 may include one or more detection 
channels, each of which may comprise an amplifier. The 
detection channels may be used to sense the cardiac signals. 
Some detection channels may detect events, such as R-waves 
or P-waves, and provide indications of the occurrences of 
such events to processor 70. One or more other detection 
channels may provide the signals to an analog-to-digital con 
Verter, for conversion into a digital signal for processing or 
analysis by processor 70 or episode classifier80. 

For example, sensing module 76 may comprise one or 
more narrow band channels, each of which may include a 
narrow band filtered sense-amplifier that compares the 
detected signal to a threshold. If the filtered and amplified 
signal is greater than the threshold, the narrow band channel 
indicates that a certain electrical cardiac event, e.g., depolar 
ization, has occurred. Processor 70 then uses that detection in 
measuring frequencies of the sensed events. 

In one example, at least one narrow band channel may 
include an R-wave or P-wave amplifier. In some examples, 
the R-wave and P-wave amplifiers may take the form of an 
automatic gain controlled amplifier that provides an adjust 
able sensing threshold as a function of the measured R-wave 
or P-wave amplitude. Examples of R-wave and P-wave 
amplifiers are described in U.S. Pat. No. 5,117,824 to Keimel 
et al., which issued on Jun. 2, 1992 and is entitled, “APPA 
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RATUS FOR MONITORING ELECTRICAL PHYSI 
OLOGIC SIGNALS, and is incorporated herein by refer 
ence in its entirety. 

In some examples, sensing module 76 includes a wide band 
channel which may comprise an amplifier with a relatively 
widerpass band than the narrow band channels. Signals from 
the electrodes that are selected for coupling to the wide-band 
amplifier may be converted to multi-bit digital signals by an 
analog-to-digital converter (ADC) provided by, for example, 
sensing module 76 or processor 70. Processor 70 and/or epi 
sode classifier80 may analyze the digitized version of signals 
from the wide band channel. Processor 70 and/or episode 
classifier80 may employ digital signal analysis techniques to 
characterize the digitized signals from the wide band channel 
to, for example, detect and classify the patient's heart rhythm. 

Episode classifier80 may detect and classify the patients 
heart rhythm based on the cardiac electrical signals sensed by 
sensing module 76 employing any of the numerous signal 
processing methodologies known in the art. For example, 
processor 70 may maintain escape interval counters that may 
be reset upon sensing of R-waves by sensing module 76. The 
value of the count present in the escape interval counters 
when reset by sensed depolarizations may be used by episode 
classifier80 to measure the durations of RR intervals, which 
are measurements that may be stored in memory 72. Episode 
classifier 80 may use the count in the interval counters to 
detect a tachyarrhythmia, such as ventricular fibrillation or 
ventricular tachycardia. A portion of memory 72 may be 
configured as a plurality of recirculating buffers, capable of 
holding series of measured intervals, which may be analyzed 
by episode classifier 80 to determine whether the patients 
heart 12 is presently exhibiting atrial or ventricular tach 
yarrhythmia. 

In some examples, episode classifier80 may determine that 
tachyarrhythmia has occurred by identification of shortened 
RR interval lengths. Generally, episode classifier80 detects 
tachycardia when the interval length falls below 360 milli 
seconds (ms) and fibrillation when the interval length falls 
below 320 ms. These interval lengths are merely examples, 
and a user may define the interval lengths as desired, which 
may then be stored within memory 72. This interval length 
may need to be detected for a certain number of consecutive 
cycles, for a certain percentage of cycles within a running 
window, or a running average for a certain number of cardiac 
cycles, as examples. 

In some examples, an arrhythmia detection method may 
include any Suitable tachyarrhythmia detection algorithms. In 
one example, episode classifier80 may utilize all or a subset 
of the rule-based detection methods described in U.S. Pat. No. 
5,545,186 to Olson et al., entitled, “PRIORITIZED RULE 
BASED METHOD AND APPARATUS FOR DIAGNOSIS 
AND TREATMENT OF ARRHYTHMIAS, which issued 
on Aug. 13, 1996, or in U.S. Pat. No. 5,755,736 to Gilberget 
al., entitled, “PRIORITIZED RULE BASED METHOD 
ANDAPPARATUS FOR DIAGNOSIS ANDTREATMENT 
OF ARRHYTHMIAS, which issued on May 26, 1998. U.S. 
Pat. No. 5,545,186 to Olson et al. and U.S. Pat. No. 5,755,736 
to Gilberg et al. are incorporated herein by reference in their 
entireties. However, other arrhythmia detection methodolo 
gies may also be employed by episode classifier80 in some 
examples. For example, EGM morphology may be consid 
ered in addition to or instead of interval length for detecting 
tachyarrhythmias. 

Generally, episode classifier 80 detects a treatable tach 
yarrhythmia, such as VF, based on the EGM, e.g., the RR 
intervals and/or morphology of the EGM, and, in response, 
processor 70 selects a therapy to deliver to terminate the 
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10 
tachyarrhythmia, Such as a defibrillation pulse of a specified 
magnitude. The detection of the tachyarrhythmia may include 
a number of phases or steps prior to delivery of the therapy, 
Such as first phase. Sometimes referred to as detection, in 
which a number of consecutive or proximate RR intervals 
satisfies a first number of intervals to detect (NID) criterion, a 
second phase, sometimes referred to as confirmation, in 
which a number of consecutive or proximate RR intervals 
satisfies a second, more restrictive NID criterion. Tach 
yarrhythmia detection may also include confirmation based 
on EGM morphology or other sensors Subsequent to or during 
the second phase. Again, in some cases, episode classifier 80 
may mistakenly classify the patient's heart rhythm as a treat 
able tachyarrhythmia, e.g., as a result of a noisy EGM or 
misdiagnosis of a Supraventricular tachyarrhythmia as being 
a ventricular tachyarrhythmia. 

In some examples, episode classifier80 has a portion of the 
EGM signal saved to memory 72 on an ongoing basis. When 
a tachyarrhythmia is not detected, the EGM signal may be 
written over after a period of time. In response to a tach 
yarrhythmia being detected, episode classifier 80 may direct 
memory 72 to store on a long-term basis a time period of the 
EGM signal leading up to the diagnosis of the tachyarrhyth 
mia, along with the specific diagnosis, e.g., Ventricular tachy 
cardia, Ventricular fibrillation, or Supraventricular tachycar 
dia. 

Although processor 70 and episode classifier80 are illus 
trated as separate modules in FIG.3, processor 70 and episode 
classifier80 may be incorporated in a single processing unit. 
Episode classifier 80 may be a component of or a module 
executed by processor 70. 

Activity sensor 82 may be optionally included in some 
examples of IMD 16. Activity sensor 82 may include one or 
more accelerometers. Activity sensor 82 may additionally or 
alternatively include other sensor Such as a heart Sounds sen 
Sor, a pressure sensor, or an O Saturation sensor. Activity 
sensor 82 may detect respiration via one or more electrodes. 
Information obtained from activity sensor 82 may be used to 
determine activity level, posture, blood oxygen level or res 
piratory rate, for example, leading up to, or at the time of the 
abnormal heart rhythm. In some examples, this information 
may be used by IMD 16 to aid in the classification of an 
abnormal heart rhythm. 

Activity sensor 82 may, for example, take the form of one 
or more accelerometers, or any other sensor known in the art 
for detecting activity, e.g., body movements or footfalls, or 
posture. In some examples, activity sensor 82 may comprise 
a three-axis accelerometer. Processor 70 may determine an 
activity level count at regular intervals based on the signal(s) 
from activity sensor 82. In some examples, processor 70 may 
determine a running average activity count based on the infor 
mation provided by activity sensor 82. For example, the activ 
ity count may be calculated over a 1 second interval and the 
processor 70 may update the activity level countata 1 second 
interval. A method of determining activity count from an 
accelerometer sensor is described in U.S. Pat. No. 6,449,508, 
to Sheldon et al, entitled, “ACCELEROMETER COUNT 
CALCULATION FOR ACTIVITY SIGNAL FOR AN 
IMPLANTABLE MEDICAL DEVICE, issued Sep. 10, 
2002, and incorporated herein by reference in its entirety. 

Activity sensor 82 may be located outside of the housing 8 
of IMD 16. Activity sensor 82 may be located on a lead that is 
coupled to IMD 16 or may be implemented in a remote sensor 
that wirelessly communicates with IMD 16 via telemetry 
module 78. In any case, activity sensor 82 is electrically or 
wirelessly coupled to circuitry contained within housing 8 of 
IMD 16. 
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Telemetry module 78 includes any suitable hardware, firm 
ware, Software or any combination thereof for communicat 
ing with another device, such as programmer 24 (FIG. 1). 
Under the control of processor 70, telemetry module 78 may 
receive downlink telemetry from and send uplink telemetry to 
programmer 24 with the aid of an antenna, which may be 
internal and/or external. In some examples, processor 70 may 
transmit cardiac signals, e.g., ECG or EGM signals, produced 
by sensing module 76 and/or signals selected by episode 
classifier80 to programmer 24. Processor 70 may also gen 
erate and store marker codes indicative of different cardiac or 
other physiological events detected by sensing module 76 or 
episode classifier 80, and transmit the marker codes to pro 
grammer 24. An example IMD with marker-channel capabil 
ity is described in U.S. Pat. No. 4.374,382 to Markowitz, 
entitled, “MARKER CHANNEL TELEMETRY SYSTEM 
FOR AMEDICAL DEVICE, which issued on Feb. 15, 1983 
and is incorporated herein by reference in its entirety. Infor 
mation which processor 70 may transmit to programmer 24 
via telemetry module 78 may also include an indication of a 
change in disease state of the heart, an indication of a change 
in heart response to the therapy provided oran indication that 
the heart continues to response in the same (or similar) man 
ner to the therapy provided, the indications based on heart 
sounds and/or EGM signals. Such information may be 
included as part of a marker channel with an EGM. 

FIG. 4 is a block diagram illustrating an example system 
that includes an external device. Such as a server 314, and one 
or more computing devices 320A-320N that are coupled to 
the IMD 16 and programmer 24 shown in FIG. 1 via a net 
work 312. Network 312 may be generally used to transmit 
diagnostic information (e.g., a diagnosis made by IMD 16 
resulting in a shock) from an IMD 16 to a remote external 
computing device. In some examples, EGM signals may be 
transmitted to an external device for processing. 

In some examples, the information transmitted by IMD 16 
may allow a clinician or other healthcare professional to 
monitor patient 14 remotely. In some examples, IMD 16 may 
use a telemetry module to communicate with programmer 24 
via a first wireless connection, and to communicate with 
access point 310 via a second wireless connection, e.g., at 
different times. In the example of FIG. 4, access point 310, 
programmer 24, server 314 and computing devices 320A 
320N are interconnected, and able to communicate with each 
other through network 312. In some cases, one or more of 
access point 310, programmer 24, server 314 and computing 
devices 320A-320N may be coupled to network 312 via one 
or more wireless connections. IMD 16, programmer 24, 
server 314, and computing devices 320A-320N may each 
comprise one or more processors, such as one or more micro 
processors, DSPs, ASICs, FPGAs, programmable logic cir 
cuitry, or the like, that may perform various functions and 
operations, such as those described herein. 

Access point 310 may comprise a device that connects to 
network 312 via any of a variety of connections, such as 
telephone dial-up, digital subscriber line (DSL), or cable 
modem connections. In other examples, access point 310 may 
be coupled to network 312 through different forms of con 
nections, including wired or wireless connections. In some 
examples, access point 310 may be co-located with patient 14 
and may comprise one or more programming units and/or 
computing devices (e.g., one or more monitoring units) that 
may perform various functions and operations described 
herein. For example, access point 310 may include a home 
monitoring unit that is co-located with patient 14 and that may 
monitor the activity of IMD 16. In some examples, server 314 
or computing devices 320 may control or perform any of the 
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various functions or operations described herein, e.g., deter 
mine, based on EGM signal data, an episode classification 
using episode classifier 318 to determine if IMD 16 properly 
classified various cardiac episodes. 

In some cases, server 314 may be configured to provide a 
secure storage site for archival of diagnostic information 
(e.g., occurrence of a diagnosis and shock by IMD 16 and 
attendant circumstances such as the EGM signal leading up to 
the diagnosis) that has been collected and generated from 
IMD 16 and/or programmer 24. Network 312 may comprise 
a local area network, wide area network, or global network, 
Such as the Internet. In some cases, programmer 24 or server 
314 may assemble EGM signal and diagnosis information in 
web pages or other documents for viewing by trained profes 
sionals, such as clinicians, via viewing terminals associated 
with computing devices 320. The system of FIG. 4 may be 
implemented, in some aspects, with general network technol 
ogy and functionality similar to that provide by the Medtronic 
Care|Link R. Network developed by Medtronic, Inc., of Min 
neapolis, Minn. 

In the example of FIG. 4, external server 314 may receive 
EGM signal data from IMD 16 via network312. Based on the 
EGM signal data received, processor(s)316 may preform one 
or more of the functions described herein with respect to 
processor 86 of programmer 24. Computing devices 320A 
320N may also include a processor that performs one or more 
of the functions described herein with respect to processor 86 
of programmer 24. For example, episode classification may 
be carried out by any of the programmer 24, external server 
314 or computing device 320. 

FIG. 5 is a block diagram illustrating an example program 
mer 24 of FIG.1. As illustrated in FIG.5 programmer 24 may 
include a processor 86, a memory 92, a user interface 84, a 
telemetry module 90, an episode classifier 318, and a power 
source 88. Processor 86 stores and retrieves information and 
instructions to and from memory 92. Programmer 24 may be 
configured for use as a clinician programmer of a patient 
programmer. Processor 86 may include a microprocessor, a 
microcontroller, a DSP, an ASIC, an FPGA, or other equiva 
lent discrete or integrated logic circuitry. Accordingly, pro 
cessor 86 may include any suitable structure, whether in 
hardware, software, firmware or any combination thereof, to 
perform the functions ascribed herein to processor 86. 
A user, Such as a clinician, may interact with programmer 

24 through user interface 84. Accordingly, in some examples 
programmer 24 may comprise a patient programmer or a 
clinician programmer. The techniques of this disclosure are 
directed post-processing of EGM signals collected by IMD 
16 and used by IMD 16 to diagnosis treatable arrhythmias. 
The post-processing is used to determine whether IMD 16 
correctly diagnosed the detected arrhythmia. Therefore, 
many of the functions ascribed to programmer 24, and in 
particular processor 86, may be performed by any external 
device, e.g., external device 314, or computing device, e.g., 
computing device 320. When programmer 24 is configured as 
a patient programmer, in Some examples, the patient pro 
grammer is not necessarily configured to perform the post 
processing or provide information regarding the accuracy of 
diagnosis to the patient. In some examples, when program 
mer 24 is configured as a clinician programmer, processor 86 
may be configured to perform the post-processing using epi 
sode classifier 318 and episode classification rules 94 

Although processor 86 and episode classifier 318 are illus 
trated as separate modules in FIG. 5, processor 86 and episode 
classifier may be incorporated in a single processing unit. 
Episode classifier 318 may be a component of or a module 
executed by processor 86. 
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User interface 84 includes a display (not shown), such as a 
LCD or LED display or other type of screen, to present 
information related to the therapy, such as information related 
to current stimulation parameters and electrode combinations 
and in Some examples, when configured to render graphics 
objects, an image of a Volume of activation and an anatomical 
feature including a therapy target of patient 14. In addition, 
user interface 84 may include an input mechanism to receive 
input from the user. The input mechanisms may include, for 
example, buttons, a keypad (e.g., an alphanumeric keypad), a 
peripheral pointing device, or another input mechanism that 
allows the user to navigate through user interfaces presented 
by processor 86 of programmer 24 and provide input. The 
input may include, for example, changes to current or pro 
posed stimulation parameters or selection of electrode com 
binations. 

If programmer 24 includes buttons and a keypad, the but 
tons may be dedicated to performing a certain function, e.g., 
a power button, or the buttons and the keypad may be soft keys 
that change in function depending upon the section of the user 
interface currently viewed by the user. Alternatively, the dis 
play (not shown) of programmer 24 may be a touch screen 
that allows the user to provide input directly to the user 
interface shown on the display. The user may use a stylus or a 
finger to provide input to the display. In other examples, user 
interface 84 also includes audio circuitry for providing 
audible instructions or Sounds to patient 14 and/or receiving 
voice commands from patient 14, which may be useful if 
patient 14 has limited motor functions. Patient 14, a clinician 
or another user may also interact with programmer 24 to 
manually select therapy programs, generate new therapy pro 
grams, modify therapy programs through individual or global 
adjustments, and transmit the new programs to IMD 16. In 
Some examples, at least Some of the control of therapy deliv 
ery by IMD 16 may be implemented by processor 86 of 
programmer 24. A clinician or other user may interact with 
programmer 24 to select a stimulation electrode combination 
or modify a set of stimulation parameters. 

In some examples, processor 86 may control IMD 16 via 
telemetry module 90 to modify program parameters control 
ling a stimulator within IMD 16 to deliver cardiac stimulating 
pulses to heart 12 via selected electrode combinations. In 
particular, processor 86 transmits programming signals to 
IMD 16 via telemetry module 90. Processor 86 receives a 
segment of EGM signal data containing representing a car 
diac episode resulting in a diagnosis of an arrhythmia fol 
lowed by electrical stimulation based on the diagnosis. The 
episode may be received from telemetry module 90 or from 
memory 92. 

Episode classifier 318 may apply episode classification 
rules stored in episode classification rules 94 to the cardiac 
episode. The episodes received from IMD 16 may be stored in 
stored episodes 96 until retrieved by episode classifier 318 for 
classification. 

Telemetry module 90 receives EGM signal data from IMD 
16. The EGM signal data may be transmitted to telemetry 
module 90 when IMD 16 diagnoses an arrhythmia and 
responds with electrical stimulation. In some examples, por 
tions of EGM signal data are stored in memory 72 of IMD 16 
until a predetermined event occurs. After the event has 
occurred the data is transmitted via telemetry module 78 of 
IMD 16 to telemetry module 90 of programmer 24. For 
example, periodically, e.g., every three months, or opportu 
nistically, e.g., when IMD 16 is in communication with pro 
grammer 24 or access point 310, IMD 16 may transmit EGM 
signal data selected by episode classifier80 and stored in 
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memory 72. In some examples telemetry module 90 sends 
program information to IMD 16 to control the operation of the 
IMD. 

In some examples, shown in FIG. 5, memory 92 includes 
episode classification rules 94, stored episodes 96 and stored 
programs 98 in separate memories within memory 92 or 
separate areas within memory 92. Memory 92 may also 
include instructions for operating user interface 84, telemetry 
module 90, and for managing power source 88. Memory 92 
may include any Volatile or nonvolatile memory such as 
RAM, ROM, EEPROM or flash memory. Memory 92 may 
also include a removable memory portion that may be used to 
provide memory updates or increases in memory capacities. 
A removable memory may also allow sensitive patient data to 
be removed before programmer 24 is used by a different 
patient. 

Stored episodes 96 stores EGM signal data received from 
IMD 16 via telemetry module 90. In some examples, the 
EGM signal data is separated into episodes, and each episode 
is saved along with a diagnosis made by IMD 16 based on the 
EGM signal data in the episode. IMD 16 may transmit EGM 
signal data at predetermined time intervals, for example every 
three months. The EGM signals are received by telemetry 
module 90 and stored in stored episodes 96 until a classifica 
tion algorithm is initiated. In some examples, episode classi 
fier 318, retrieves episodes stored in stored episodes 96 one at 
a time and confirms or rejects the diagnosis of IMD 16 using 
episode classification rules Stored in episode classification 
rule 94. In some examples, a user may select one or more 
episodes stored in stored episodes 96 for post-processing 
classification. 

Episode classification rules 94 store a classification algo 
rithm or a set of classification rules used to confirm or reject 
the diagnosis of IMD 16. In some examples, the classification 
algorithm is as shown in FIGS. 6A-6C or FIG. 7, and 
described in more detail below. In some examples, the epi 
sode classification rules classify each episode as Supraven 
tricular tachycardia (SVT), ventricular tachycardia or ven 
tricular fibrillation (VT/VF) or unknown. The classifications 
may be compared to the diagnosis generated by IMD 16 prior 
to delivery therapy, for example. 

FIGS. 6A-6C are parts of a flow chart illustrating an 
example classification algorithm consistent with the present 
disclosure. The example classification algorithm of FIGS. 
6A-6C is generally applicable to cardiac episodes where IMD 
16 stored EGM signals for both the NF and FF channels. FIG. 
6A illustrates a classification algorithm using EGM signal 
data from a near-field (NF) EGM channel. FIG. 6B illustrates 
a classification algorithm using EGM signal data from a far 
field (FF) EGM channel. FIG. 6C illustrates a classification 
algorithm for determining a final classification based on the 
classification of the NF EGM data and the FF EGM data. The 
NF and FF portions of the algorithm illustrated in FIGS. 6A 
and 6B may be applied in any order. The resulting classifica 
tion is stored, and the classification from both FIG. 6A and 
FIG. 6B are used in FIG. 6C. 

Turning to FIG. 6A, episode classifier 318 selects a 
detected NF EGM Channel episode (100) from stored epi 
sodes 94. Episode classifier 318 determines whether the EGM 
data received from IMD 16 includes spontaneous and regular 
sensing (102), i.e., not induced. In some examples, a method 
of determining whether data previously utilized by a device to 
identify a cardiac episode correspond to regular sensing of 
events includes a determination as to whether over-sensing or 
under-sensing has occurred. The determination of over-sens 
ing or under-sensing may be based on a determination of 
whether one of a predetermined number of over-sensing or 
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under-sensing criteria has been met. An example of an over 
sensing criterion includes the existence of simultaneous atrial 
and Ventricular events, except in instances where the ven 
tricular event is ventricular Pace for ATP. An example of an 
under-sensing criterion includes determining whether at least 
one sensed AA interval associated with predetermined beats, 
such as the NID ventricular beats prior to detection of the 
event and the atrial interval immediately subsequent to the 
detection of the event is greater thana predetermined interval, 
such as 2500 ms, for example. Another example of under 
sensing criteria include determining whether the atrial chan 
nel includes less than a predetermined number of events prior 
to detection. Other examples of both over-sensing and under 
sensing criteria are taught in U.S. Pat. No. 7,894,883 to Gun 
derson et al., incorporated herein by reference in its entirety. 
In the event that an episode is found to be either not sponta 
neous or not include regular sensing, the episode is classified 
as unknown or ventricular over-sensing (VOS) for the NF 
EGM channel (104). The episode may be categorized as VOS 
when over-sensing is found. 

In response to a determination that the episode received 
from IMD 16 is spontaneous and includes regular sensing, 
episode classifier 318 and/or processor 86 determine the A/V 
(atrial events to ventricular events) ratio during the beats 
preceding detection (106) or diagnosis. The ratio of atrial 
sensed events to Ventricular sensed events is determined for a 
predetermined window of sensed events occurring prior to 
detection or diagnosis by IMD 16 of the cardiac episode. In 
Some examples, the predetermined window used for calcu 
lating the A/V ratio may be defined by the last 12 ventricular 
sensed events occurring just prior to the point of diagnosis of 
the cardiac episode. It is understood that the window may be 
defined by any predetermined number of ventricular sensed 
events prior to detection. The number of atrial sensed events 
occurring within the window is then determined and used to 
determine the A/V ratio. If the number of atrial sensed events 
occurring during the window is equal to the number of Ven 
tricular sensed events, a determination is made as to whether 
the atrial sensed events are evenly distributed with the ven 
tricular sensed events, that is, whether there is a 1:1 distribu 
tion prior to detection (108). If there is one atrial sensed event 
located between each adjacent pairs of all of the ventricular 
sensed events, the event is identified as being a Supraventricu 
lar tachycardia (SVT) episode (126) for the NF EGM Chan 
nel. The rationale behind this classification is that a ventricu 
lar arrhythmia would have a shorter ventricular cycle length 
than the atrial cycle length at Some point in the episode. 

If the atrial sensed events are determined to be not evenly 
distributed with the ventricular sensed events in a one to one 
distribution (108) the classification of the episode is further 
evaluated. Episode classifier 318 may determine which 
chamber is leading (110). Episode classifier 318 determines 
whether the heart rhythm was initiated by conduction in the 
Ventricles or in theatria. In some examples, anonset threshold 
is determined. Once the onset threshold has been determined, 
a spatial reference point is identified and used to form a 
window for determining whether conduction of the heart 
rhythm was imitated by one of the atrial and the ventricular 
chambers. For example, an RR interval associated with pre 
NID or sinus rhythm, i.e., greater than the onset threshold, 
occurring prior to an interval correspond to when the episode 
was detected, may be used as the spatial reference point for 
forming the window. In some examples, the spatial reference 
point may be identified by determining by working back 
wards from the detection until a predetermined number of 
sequential adjacent intervals occurring prior to the interval 
associated with the detection is greater than the onset thresh 
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old. Other examples of determining a spatial reference point 
and window for determining which chamber is leading may 
be found in U.S. Pat. No. 7,894,883 to Gunderson et al., 
incorporated herein by reference in its entirety. 

Determining which chamber is leading (110) may include 
identification of a spatial reference point, as wells as a prede 
termined number of intervals centered around the determined 
spatial reference point. The number of sensed atrial events 
occurring between each interval within the window is deter 
mined. If there is one atrial sensed event between each of the 
adjacent ventricular sensed events in the window, the atrium 
is determined to be initiating conduction. In response to a 
determination that the atrium is leading, episode classifier 
318 classifies the episode as SVT for the NF EGM channel 
(126). If there is one atrial sensed event between adjacent 
ventricular sensed events for all except one of the ventricular 
sensed event intervals, and no atrial sensed events between 
one set of adjacent ventricular sensed events, then the ven 
tricles are determined to be initiating conduction. If the ven 
tricles are found to be leading, episode classifier 318 classifies 
the episode as a ventricular tachycardia/ventricular fibrilla 
tion (VT/VF) episode (116). If there is one atrial sensed event 
between each of the adjacent ventricular sensed events for 
less than the number of intervals minus one, and no atrial 
sensed event between adjacent ventricular sensed events for 
more than one of the intervals, then neither theatrium northe 
ventricles are determined to be driving conduction. If no 
determination is made, then processor 86 continues to attempt 
to classify the episode based on whether the effects the effects 
of anti-tachycardiapacing (ATP) are indicative of a Supraven 
tricular tachycardia episode. 

Episode classifier 318 may determine whether the cycle 
length between atrial events, that is, the interval between 
P-waves is the same during the episode being classified as 
during an antitachycardia pacing regimen previously applied 
to the patient (112). In some examples, a determination about 
the effects of anti-tachycardia pacing is made using a method 
of dynamic discrimination described in commonly assigned 
U.S. Pat. No. 7,317,942, issued Jan. 8, 2008, entitled 
DYNAMIC DISCRIMINATION UTILIZING ANTI-TA 
CHY PACING THERAPY IN AN IMPLANTABLE MEDI 
CAL DEVICE to Brown et al., and incorporated herein by 
reference in its entirety. For example, instances where IMD 
16 delivered an antitachycardia pacing regimen may be iden 
tified by IMD 16 or programmer 24 and the corresponding 
EGM signal data may be stored in memory 92. The EGM 
signal associated with the therapy may be reviewed to deter 
mine a mean cycle length between atrial events occurring 
prior to the delivery of the antitachycardia pacing therapy and 
comparing the determined atrial cycle length during the deliv 
ery of the pacing therapy to a mean cycle atrial cycle length 
during the episode. If the difference between the mean atrial 
cycle and the atrial cycle length during the delivery of the 
pacing therapy is less than or equal to a predetermined atrial 
cycle length threshold. Such as 30ms for example, the episode 
is classified as being a SVT on the NF channel (126). If the 
difference between the mean atrial cycle length for the epi 
sode and the atrial cycle length during the delivery of the 
pacing therapy is greater than the predetermined threshold 
then the processor continues with the classification algorithm 
for the NF EGM channel. 

If the PP interval (or atrial cycle) of the episode is not the 
same as theatrial cycle length during ATP, then the morphol 
ogy of a maximum interval within the episode being classified 
and the minimum interval within the episode being classified 
are compared. Episode classifier 318 may determine, based 
on episode classification rules 94, whether the intervals have 
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the same morphology despite having different RR interval 
lengths (122). In some examples, the comparison occurs if the 
difference between the maximum interval and the minimum 
interval is greater than a predetermined threshold. A determi 
nation is then made as to whether the correlation between the 
morphologies of the two intervals is greater than a predeter 
mined correlation threshold, such as 0.94, for example. 

If the correlation between the two intervals is greater than 
the predetermined correlation threshold, then the detected 
episode is classified as being SVT for the NF EGM channel 
(126). If the correlation is below the predetermined correla 
tion threshold, or the difference between the maximum and 
minimum intervals is below the predetermined threshold for 
difference between the two intervals, then the morphology of 
the intervals within the episode are compared to a NF VT 
template. Episode classifier 318 determines how many of the 
intervals have a morphology that matches the NFVT template 
(124). The NF VT template may be one of more NF VT 
templates stored within memory 92. In some examples the VT 
template may have been stored during the classification of a 
previous episode from the same patient. Episode classifier 
318 compares each interval within the episode with the NF 
VT template and determines whether each interval correlates 
to the NFVT template based on a predetermined correlation 
threshold. If the number of intervals having morphologies 
that correlate to the NFVT template is above a predetermined 
matching percentage threshold, then the morphology for the 
episode is determined to match the template. In response, the 
episode is classified at VT/VF for the NF EGM channel (116). 
If the number of intervals having morphologies that correlate 
to the NFVT template is below the predetermined matching 
percentage threshold, then the episode is classified as 
unknown for the NF EGM channel (105). The matching per 
centage threshold may be programmable by a default, or may 
be adjusted by the clinician or other user. In some examples 
the threshold may be adjusted on a patient-by-patient or 
clinic-by clinic basis. In some examples, the matching per 
centage threshold may be between approximately 70% and 
85%. In some examples, the matching percentage threshold 
may be approximately 80%. 

If that the A/V ratio during the beats preceding detection 
(106) is such that the number of atrial sensed events is below 
the number of ventricular sensed events within a window 
preceding detection, then an interval may be stored as a NF 
VT template (114). The episode is classified as VT/VF for the 
NF EGM channel (116). In some examples, the difference 
between the number of atrial sensed events and the number of 
Ventricular sensed events must be greater than 1. 

In response to an A/V ratio during the beats preceding a 
detection (106) where the number of atrial sensed events is 
greater than the number of ventricular sensed events, episode 
classifier 318 determines whether the data used by IMD 16 
during the initial classification of the episode as a detected 
episode includes RR intervals that are regular, and whether 
the PR intervals are stable (118). In an example to illustrate 
how episode classifier 318 determines whether the RR inter 
vals are regular and whether the PR intervals are stable (118), 
an episode being processed includes a number of intervals to 
detection (NID) of 16 intervals. That is, during the initial 
detection process IMD 16 detected the occurrence of a car 
diac episode once the detection criteria had been met, i.e., 
once 16 intervals having a rate than the threshold rate were 
detected. In some examples, IMD 16 continuously stores a 
buffer containing a number of the most recent intervals of the 
EGM signal. This may allow IMD 16 to store an EGM signal 
including all 16 intervals resulting in detection to memory 72 
after detection. In order to determine whether the data used by 
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IMD 16 during the initial classification of the episode as a 
detected episode includes intervals that are regular, a mode 
som of the 16 RR intervals resulting in detection is generated 
by determining whether the number of intervals in the two 
highest modes (i.e., most frequent bins) is greater than a 
predetermined percentage of the number of RR intervals. The 
percentage may be 67%, for example. If the number of inter 
vals in the two highest modes is above the percentage thresh 
old, then the data is considered to include regular RR inter 
vals. 

Episode classifier 318 also determines whether the AV 
intervals associated with the initial identification of the epi 
sode as a cardiac episode are stable. For example, in order to 
determine whether the AV intervals associate with the initial 
identification of the episode as a cardiac episode are stable, 
PR intervals, i.e., the time between an atrial sensed event and 
a Subsequent ventricular sensed event, are determined for 
each of the 16 intervals. In some examples, in order to reduce 
the effect of outliers, once the PR intervals are determined for 
each of the intervals associated with the initial identification 
of the episode as a cardiac episode, a predetermined number 
of maximum PR intervals and minimum PR intervals are 
removed. For example, one sixth of the maximum PR inter 
vals and one sixth of the minimum PR intervals may be 
removed. A PR range is then determined as the difference 
between the minimum PR interval and the maximum PR 
interval. Episode classifier 318 then determines whether the 
range of PR intervals satisfies a PR stable criterion. For 
example, a determination may be made as to whether the 
range of the remaining PR intervals is less than 20 ms. In 
response to a determination that the RR intervals are regular 
and the PR intervals are stable, the episode is classified as 
SVT for the NF EGM channel (126). If episode does not 
include both regular RR intervals and stable PR intervals, 
then episode classifier 318 determiners how many atrial 
events are unassociated with a Ventricular event and how 
many atrial events are associated with a ventricular event 
(120). The episode classifier 318 may look for approximately 
consistent AV intervals for atrial events associated with a 
ventricular event. If the number of atrial events part of an AV 
interval is above a predetermine threshold, then the cardiac 
episode is classified as SVT for the NF EGM channel (126) by 
episode classifier 318. 

If the number of unassociated atrial events is below a 
predetermined threshold, then, the data associated with the 
episode is examined to determine whether RR intervals with 
different lengths have approximately the same morphology 
(122). In some examples, the maximum and minimum inter 
vals in the episode are compared and, if the difference is 
greater than a predetermined threshold, such as 100 ms for 
example, then the morphology of the maximum interval is 
compared to the morphology of the minimum interval. If the 
morphologies are found to correlate, the episode is classified 
as SVT for the NF EGM channel (126). As described above, 
if the maximum and minimum intervals are not found to 
correlate, then the morphologies of each of the intervals asso 
ciated with detection of a cardiac episode are compared with 
a template or templates stored in memory 82, the template or 
templates being NFVT templates. Episode classifier 318 
determines for each of the intervals whether the correlation of 
the morphology between the interval and the template is 
greater than a predetermined correlation threshold. If then 
number of intervals having morphologies that correlate to the 
store template is greater than a predetermined matching per 
centage threshold, than the episodes is classified as being 
VT/VF for the NF channel. If the number of intervals that 
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match is below the matching percentage threshold, then the 
episode is classified as unknown for the NF EGM channel 
(105). 

FIG. 6B illustrates an example algorithm for classifying 
EGM data received from the FF channel of IMD 16. Episode 
classifier 318 selects a detected NF EGM Channel episode 
(128) from stored episodes 94. Processor 86 and/or episode 
classifier 318 determines whether the EGM data received 
from IMD 16 includes spontaneous and regular sensing 
(130), i.e., not induced. In some examples, a method of deter 
mining whether data previously utilized by a device to iden 
tify a cardiac episode correspond to regular sensing of events 
includes a determination as to whether over-sensing or under 
sensing has occurred. The determination of over-sensing or 
under-sensing may be based on a determination of whether 
one of a predetermined number of over-sensing or under 
sensing criteria has been met. An example of an over-sensing 
criterion includes the existence of simultaneous atrial and 
Ventricular events, except in instances where the Ventricular 
event is ventricular Pace for ATP. An example of an under 
sensing criterion includes determining whether at least one 
sensed AA interval associated with predetermined beats. Such 
as the NID ventricular beats prior to detection of the episode 
and the atrial interval immediately subsequent to the detec 
tion of the episode is greater than a predetermined interval, 
such as 2500 ms, for example. Another example of under 
sensing criteria include determining whether the atrial chan 
nel includes less than a predetermined number of events prior 
to detection. Other examples of over-sensing or under-sens 
ing criteria are taught in U.S. Pat. No. 7,894,883 to Gunder 
son et al., incorporated herein by reference in its entirety. Ifan 
episode is found to be either not spontaneous or not include 
regular sensing, the episode is classified as unknown or VOS 
for the FF EGM channel (132). The episode may be classified 
as VOS when over-sensing is found. 

In response to a determination that the episode received 
from IMD 16 is spontaneous and includes regular sensing, 
episode classifier 318 determines the A/V ratio during the 
beats preceding detection (134). The ratio of atrial sensed 
events to ventricular sensed events is determined for a prede 
termined window of sensed events occurring prior to detec 
tion by IMD 16 of the cardiac event. In some examples, the 
predetermined window used for calculating the A/V ratio may 
be defined by the last 12 ventricular sensed events occurring 
just prior to the point of detection of the cardiac episode. It is 
understood that the window may be defined by any predeter 
mined number of ventricular sensed events prior to detection. 
The number of atrial sensed events occurring within the win 
dow is then determined and used to determine the A/V ratio. 
If the number of atrial sensed events occurring during the 
window is equal to the number of ventricular sensed events, a 
determination is made as to whether the atrial sensed events 
are evenly distributed with the ventricular sensed events, that 
is, whether there is a 1:1 distribution prior to detection (136). 
If there is one atrial sensed event located between each adja 
cent pairs of all of the ventricular sensed events, the event is 
identified as being a supraventricular tachycardia (SVT) epi 
sode (158) for the FF EGM Channel. The rationale behind 
this classification is that a ventricular arrhythmia would have 
a shorter Ventricular cycle length than theatrial cycle lengthat 
Some point in the episode. 

If the atrial sensed events are determined to be not evenly 
distributed with the ventricular sensed events in a one to one 
distribution (136), the classification of the episode is further 
evaluated. Episode classifier 318 may determine which 
chamber is leading (138). Episode classifier 318 determines 
whether the heart rhythm was initiated by conduction in the 
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Ventricle or in theatria. In some examples, an onset threshold 
is determined. Once the onset threshold has been determined, 
a spatial reference point is identified and used to form a 
window for determining whether conduction of the heart 
rhythm was imitated by one of the atrial and the ventricular 
chambers. For example, an RR interval associated with pre 
NID or sinus rhythm, i.e., greater than the onset threshold, 
occurring prior to an interval correspond to when the episode 
was detected, may be used as the spatial reference point for 
forming the window. In some examples, the spatial reference 
point may be identified by determining by working back 
wards from the detection until a predetermined number of 
sequential adjacent intervals occurring prior to the interval 
associated with the detection is greater than the onset thresh 
old. Other examples of determining a spatial reference point 
and window for determining which chamber is leading may 
be found in U.S. Pat. No. 7,894,883 to Gunderson et al., 
incorporated herein by reference in its entirety. 

Determining which chamber is leading (138) may include 
identification of a spatial reference point, as wells as a prede 
termined number of intervals centered around the determined 
spatial reference point. The number of sensed atrial events 
occurring between each interval within the window is deter 
mined. If there is one atrial sensed event between each of the 
adjacent ventricular sensed vents in the window, theatrium is 
determined to be initiating conduction. In response to a deter 
mination that the atrium is leading, episode classifier 318 
classifies the episode as SVT for the FF EGM channel (158). 
If there is one atrial sensed event between adjacent ventricular 
sensed events for all except one of the ventricular sensed 
event intervals, and no atrial sensed events between one set of 
adjacent ventricular sensed events, then the ventricles are 
determined to be initiating conduction. If the ventricles are 
found to be leading, episode classifier 318 classifies the epi 
sode as a ventricular tachycardia/ventricular fibrillation (VT/ 
VF) episode (156). If there is one atrial sensed event between 
each of the adjacent ventricular sensed events for less than the 
number of intervals minus one, and no atrial sensed event 
between adjacent ventricular sensed events for more than one 
of the intervals, then neither theatrium nor the ventricles are 
determined to be driving conduction. If no determination is 
made, then processor 86 continues to attempt to classify the 
episode based on whether the effects the effects of anti-tachy 
cardia pacing (ATP) are indicative of a Supraventricular 
tachycardia episode. 

Episode classifier 318 may determine whether the cycle 
length between atrial events, that is, the interval between 
P-waves is the same during the episode being classified as 
during an antitachycardia pacing regimen previously applied 
to the patient (140). In some examples, a determination about 
the effects of anti-tachycardia pacing is made using a method 
of dynamic discrimination described in commonly assigned 
U.S. Pat. No. 7,317,942, issued Jan. 8, 2008, entitled 
DYNAMIC DISCRIMINATION UTILIZING ANTI-TA 
CHY PACING THERAPY IN AN IMPLANTABLE MEDI 
CAL DEVICE to Brown et al., and incorporated herein by 
reference in its entirety. For example, instances where IMD 
16 delivered an antitachycardia pacing regimen may be iden 
tified by IMD 16 or programmer 24 and the corresponding 
EGM signal data may be stored in memory 92. The EGM 
signal associated with the therapy may be reviewed to deter 
mine a mean cycle length between atrial events occurring 
prior to the delivery of the antitachycardia pacing therapy and 
comparing the determined atrial cycle length during the deliv 
ery of the pacing therapy to a mean cycle atrial cycle length 
during the episode. If the difference between the mean atrial 
cycle and the atrial cycle length during the delivery of the 
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pacing therapy is less than or equal to a predetermined atrial 
cycle length threshold. Such as 30ms for example, the episode 
is classified as being a SVT on the FF channel (158). If the 
difference between the mean atrial cycle length for the epi 
sode and the atrial cycle length during the delivery of the 
pacing therapy is greater than the predetermined threshold 
then the processor continues with the classification algorithm 
for the FF EGM channel. 

If the PP interval (or atrial cycle) of the episode is not the 
same as the atrial cycle length during ATP, then the morphol 
ogy of a maximum interval within the episode being classified 
and the minimum interval within the episode being classified 
are compared. Processor 86 determine whether the intervals 
have the same morphology despite having different RR inter 
Vallengths (150). In some examples, the comparison occurs if 
the difference between the maximum interval and the mini 
mum interval is greater than a predetermined threshold. A 
determination is then made as to whether the correlation 
between the morphologies of the two intervals is greater than 
a predetermined correlation threshold, such as 0.94, for 
example. 

If the correlation between the two intervals is greater than 
the predetermined correlation threshold, then the detected 
episode is classified as being SVT for the FF EGM channel 
(158). If the correlation is below the predetermined correla 
tion threshold, or the difference between the maximum and 
minimum intervals is below the predetermined threshold for 
difference between the two intervals, then the morphology of 
the intervals within the episode are compared to a FF VT 
template. Episode classifier 318 determines how many of the 
intervals have a morphology that matches the FFVT template 
(152). The FF VT template may be one of more FF VT 
templates stored within memory 92. In some examples the VT 
template may have been stored during the classification of a 
previous episode from the same patient. Episode classifier 
318 compares each interval within the episode with the FFVT 
template and determines whether each interval correlates to 
the FF VT template based on a predetermined correlation 
threshold. If the number of intervals having morphologies 
that correlate to the FFVT template is above a predetermined 
matching percentage threshold, then the morphology for the 
episode is determined to match the template. In response, the 
episode is classified at VT/VF for the FF EGM channel (156). 
If the number of intervals having morphologies that correlate 
to the FFVT template is below the predetermined matching 
percentage threshold, then the episode is classified as 
unknown for the FF EGM channel (133). The matching per 
centage threshold may be programmable by a default, or may 
be adjusted by the clinician or other user. In some examples 
the threshold may be adjusted on a patient-by-patient or 
clinic-by clinic basis. In some examples, the matching per 
centage threshold may be approximately between 70% and 
85%. In some examples, the matching percentage may be 
approximately 80%. 

If the A/V ratio during the beats preceding detection (134) 
is such that the number of atrial sensed events is below the 
number of ventricular sensed events within a window preced 
ing detection, then an interval may be stored as a FF VT 
template (142). The episode is classified as VT/VF for the FF 
EGM channel (156). In some examples, the difference 
between the number of atrial sensed events and the number of 
Ventricular sensed events must be greater than 1. 

In response to an A/V ratio during the beats preceding a 
detection (134) where the number of atrial sensed events is 
greater than the number of ventricular sensed events, episode 
classifier 318 determines whether the data used by IMD 16 
during the initial classification of the episode as a detected 
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episode includes RR intervals that are regular, and whether 
the PR intervals are stable (146). In an example to illustrate 
how episode classifier 318 determines whether the RR inter 
vals are regular and whether the PR intervals are stable (146), 
an episode being processed includes a number of intervals to 
detection (NID) of 16 intervals. That is, during the initial 
detection process IMD 16 detected the occurrence of a car 
diac episode once the detection criteria had been met, i.e., 
once 16 intervals having a rate than the threshold rate were 
detected. In some examples, IMD 16 continuously stores a 
buffer containing a number of the most recent intervals of the 
EGM signal. This may allow IMD 16 to store an EGM signal 
including all 16 intervals resulting in detection to memory 72 
after detection. In order to determine whether the data used by 
IMD 16 during the initial classification of the episode a 
detected episode includes intervals that are regular, a mode 
som of the 16 RR intervals resulting in detection is generated 
by determining whether the number of intervals in the two 
highest modes (i.e., most frequent bins) is greater than a 
predetermined percentage of the number of RR intervals. The 
percentage may be 67%, for example. If the number of inter 
vals in the two highest modes is above the percentage thresh 
old, then the data is considered to include regular RR inter 
vals. 

Episode classifier 318 also determines whether the AV 
intervals associated with the initial identification of the epi 
sode as a cardiac episode are stable. For example, in order to 
determine whether the AV intervals associate with the initial 
identification of the episode as a cardiac episode are stable, 
PR intervals, i.e., the time between an atrial sensed event and 
a Subsequent ventricular sensed event, are determined for 
each of the 16 intervals. In some examples, in order to reduce 
the effect of outliers, once the PR intervals are determined for 
each of the intervals associated with the initial identification 
of the episode as a cardiac episode, a predetermined number 
of maximum PR intervals and minimum PR intervals are 
removed. For example, one sixth of the maximum PR inter 
vals and one sixth of the minimum PR intervals may be 
removed. A PR range is then determined as the difference 
between the minimum PR interval and the maximum PR 
interval. Episode classifier 318 then determines whether the 
range of PR intervals satisfies a PR stable criterion. For 
example, a determination may be made as to whether the 
range of the remaining PR intervals is less than 20 ms. In 
response to a determination that the RR intervals are regular 
and the PR intervals are stable, the episode is classified as 
SVT for the FF EGM channel (158). If episode does not 
include both regular RR intervals and stable PR intervals, 
then episode classifier 318 determiners how many atrial 
events are unassociated with a Ventricular event and how 
many atrial events are associated with a ventricular event 
(120). The episode classifier 318 may look for approximately 
consistent AV intervals for atrial events associated with a 
ventricular event. If the number of atrial events part of an AV 
interval is above a predetermine threshold, then the cardiac 
episode is classified as SVT for the NF EGM channel (158) by 
episode classifier 318. 

If the number of unassociated atrial events is below a 
predetermined threshold, then, as discussed above, the data 
associated with the episode is examined to determine whether 
RR intervals with different lengths have approximately the 
same morphology (150). In some examples the maximum and 
minimum intervals in the episode are compared and, if the 
difference in interval value is greater than a predetermined 
threshold, such as 100 ms for example, then the morphology 
of the maximum interval is compared to the morphology of 
the minimum interval. If the morphologies are found to cor 
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relate, the episode is classified as SVT for the FF EGM 
channel (158). As described above, if the maximum and mini 
mum intervals are not found to correlate, then the morpholo 
gies of each of the intervals associated with detection of a 
cardiac episode are compared with a template or templates 
stored in memory 92, the template or templates being FFVT 
templates. Episode classifier 318 determines for each of the 
intervals whether the correlation of the morphology between 
the interval and the template is greater than a predetermined 
correlation threshold. If the number of intervals having mor 
phologies that correlate to the stored template is greater than 
a predetermined matching percentage threshold, then the epi 
sodes is classified as being VT/VF for the FF EGM channel 
(156). If the number of intervals that match is below the 
matching percentage threshold, then the episode is classified 
as unknown for the FF EGM channel (132). 

FIG. 6C illustrates an example algorithm for determining a 
final classification for an episode detected by IMD 16 that in 
some examples is based on both an NF classification and a FF 
classification. Processor 86 retrieves the results for FF EGM 
classification (160) and the result from NF EGM classifica 
tion (162) from memory 92. Episode classifier 318 deter 
mines whether the result from one of the channels is VOS 
(161). In some examples where f either the NF channel EGM 
or the FF channel EGM has been classified as VOS the final 
classification is VOS (163) Episode classifier 318 determines 
if both the results are unknown (164). If both results are 
unknown, then the final classification is unknown (166). Epi 
sode classifier 318 then determines if the NF EGM result is 
“unknown” (168). If the NF EGM result is unknown, then the 
final classification is the FF EGM result (170). If the NF EGM 
result is not unknown, then processor 86 determines if the FF 
EGM result is “unknown” (172). If the FF EGM result is not 
unknown, then the final classification is the FF EGM result 
(170). If the FF EGM result is unknown, then the final clas 
sification if the NF EGM result (174). The use of both NF and 
FF channels results in more of the detected episodes evalu 
ated by processor 86 being classified as either VT/VF or SVT. 
In turn, the increase in "known classifications results in 
greater understanding of how well IMD 16 is performing. 

FIG. 7 is a flow chart illustrating an episode classification 
algorithm that classifies an episode based on EGM signal data 
associated with an episode detected by IMD 16. The example 
in FIG. 7, the episode classification algorithm is presented 
without regard to a NF or FF channel. However, one of skill in 
the art would understand that the episode classification algo 
rithm shown in FIG. 7, and in particular the use of a sinus beat 
template, may be used with the classification algorithm of 
FIG. 6A-6C. 

Episode classifier 318 selects a detected EGM episode 
(100) from stored episodes 94. Episode classifier 318 deter 
mines whether the EGM data received from IMD 16 includes 
spontaneous and regular sensing (192), i.e., not induced. In 
Some examples, a method of determining whether data pre 
viously utilized by a device to identify a cardiac episode 
correspond to regular sensing of events includes a determi 
nation as to whether over-sensing or under-sensing has 
occurred. The determination of over-sensing or under-sens 
ing may be based on a determination of whether one of a 
predetermined number of over-sensing or under-sensing cri 
teria has been met. An example of an over-sensing criterion 
includes the existence of simultaneous atrial and Ventricular 
events, except in instances where the Ventricular event is 
ventricular Pace for ATP. An example of an under-sensing 
criterion includes determining whether at least one sensed 
AA interval associated with predetermined beats, such as the 
NID ventricular beats prior to detection of the episode and the 
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atrial interval immediately subsequent to the detection of the 
episode is greater than a predetermined interval, such as 2500 
ms, for example. Another example of under-sensing criteria 
include determining whether the atrial channel includes less 
than a predetermined number of events prior to detection. 
Other examples of over-sensing or under-sensing criteria are 
taught in U.S. Pat. No. 7,894,883 to Gunderson et al., incor 
porated herein by reference in its entirety. If an episode is 
found to be either not spontaneous or not include regular 
sensing, the episode is classified as unknown or VOS (194). 
The episode may be classified as VOS if episode classifier 318 
determines that over-sensing is present. 

In response to a determination that the episode received 
from IMD 16 is spontaneous and includes regular sensing, 
Episode classifier 318 determines if one or more sinus beat 
templates may be stored (196). In determining whether an 
episode includes and appropriate sinus beat for use as a tem 
plate, episode classifier 318 determines whether several fac 
tors are present in the EGM signal. As described in more 
detail below with respect to FIGS. 10 and 11, episode classi 
fier 318 determines whether the A to V ratio is 1:1. As dis 
cussed above, in order for an episode to have a 1:1 distribu 
tion, there needs to be the same number of atrial events and 
Ventricular events, and the events must alternate. Episode 
classifier 318 then looks for a portion of the episode include a 
PR interval greater than a first predetermined threshold. In 
Some examples, the first predetermined is approximately 80 
ms. Episode classifier 318 also looks for a portion of the 
episode that includes an RR interval greater than a second 
predetermined threshold. In some examples, the second pre 
determined threshold is approximately 500 ms. Episode clas 
sifier 318 also looks for a portion of the episode that includes 
two consecutive RR interval values within less than a third 
predetermined threshold of each other. In some examples, the 
third predetermined threshold may be approximately 50 ms. 
For example, as shown in FIG. 12, the RR intervals leading to 
selection are 730 ms and 750 ms. If an interval is found to 
fulfill the requirements than a sinus template may be stored 
(198) in memory 92. In some examples a sinus template may 
be selected from an episode that has been classified by IMD 
16 or programmer 24 as SVT. Processor 86 selects one of the 
pre-detection Ventricular beats and stores the beat as a sinus 
template. In some examples, processor 86 may store addi 
tional templates for different channels that correspond to the 
beat selected. The additional templates may be stored to cor 
respond to different electrode configurations. In some 
examples, multiple sinus template may be stored overtime to 
correspond to multiple different electrode configurations. 

Episode classifier 318 determines the A/V ratio of the beats 
preceding detection (200). The ratio of atrial sensed events to 
ventricular sensed events is determined for a predetermined 
window of sensed events occurring prior to detection by IMD 
16 of the cardiac episode. In some examples, the predeter 
mined window used for calculating the A/V ratio may be 
defined by the last 12 Ventricular sensed events occurring just 
prior to the point of detection of the cardiac episode. It is 
understood that the window may be defined by any predeter 
mined number of ventricular sensed events prior to detection. 
The number of atrial sensed events occurring within the win 
dow is then determined and used to determine the A/V ratio. 
If the number of atrial sensed events occurring during the 
window is equal to the number of ventricular sensed events, a 
determination is made as to whether the atrial sensed events 
are evenly distributed with the ventricular sensed events, that 
is, whether there is a 1:1 distribution prior to detection (202). 
If there is one atrial sensed event located between each adja 
cent pairs of all of the ventricular sensed events, the episode 
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is identified as being a supraventricular tachycardia (SVT) 
episode (206). The rationale behind this classification is that 
a ventricular arrhythmia would have a shorter ventricular 
cycle length than the atrial cycle length at Some point in the 
episode. 

If the atrial sensed events are determined to be not evenly 
distributed with the ventricular sensed events in a one to one 
distribution (202) the classification of the episode is further 
evaluated. Episode classifier 318 may determine which 
chamber is leading (204). Episode classifier 318 determines 
whether the heart rhythm was initiated by conduction in the 
Ventricle or in theatria. In some examples, an onset threshold 
is determined. Once the onset threshold has been determined, 
a spatial reference point is identified and used to form a 
window for determining whether conduction of the heart 
rhythm was imitated by one of the atrial and the ventricular 
chambers. For example, an RR interval associated with pre 
NID or sinus rhythm, i.e., greater than the onset threshold, 
occurring prior to an interval correspond to when the episode 
was detected, may be used as the spatial reference point for 
forming the window. In some examples, the spatial reference 
point may be identified by determining by working back 
wards from the detection until a predetermined number of 
sequential adjacent intervals occurring prior to the interval 
associated with the detection is greater than the onset thresh 
old. Other examples of determining a spatial reference point 
and window for determining which chamber is leading may 
be found in U.S. Pat. No. 7,894,883 to Gunderson et al., 
incorporated herein by reference in its entirety. 

Determining which chamber is leading (204) may include 
identifying a spatial reference point, as wells as a predeter 
mined number of intervals centered around the determined 
spatial reference point. Episode classifier 218 determines the 
number of sensed atrial events occurring between each inter 
val within the window. If there is one atrial sensed event 
between each of the adjacent ventricular sensed vents in the 
window, episode classifier 318 determines that the atrium is 
initiating conduction. In response to a determination that the 
atrium is leading, episode classifier 318 classifies the episode 
as SVT (206). If there is one atrial sensed event between 
adjacent ventricular sensed events for all except one of the 
Ventricular sensed event intervals, and no atrial sensed events 
between one set of adjacent ventricular sensed events, then 
episode classifier 318 determines that the ventricles are initi 
ating conduction. If the ventricles are found to be leading, 
episode classifier 318 classifies the episode as a ventricular 
tachycardia/ventricular fibrillation (VT/VF) episode (212). If 
there is one atrial sensed event between each of the adjacent 
ventricular sensed events for less than the number of intervals 
minus one, and no atrial sensed event between adjacent ven 
tricular sensed events for more than one of the intervals, then 
neither the atrium nor the ventricles are determined to be 
driving conduction. If no determination is made, then episode 
classifier 318 continues to attempt to classify the episode 
based on whether the effects the effects of anti-tachycardia 
pacing (ATP) are indicative of a Supraventricular tachycardia 
episode. 

Episode classifier 318 may determine whether the cycle 
length between atrial events, that is, the interval between 
P-waves is the same during the episode being classified as 
during an antitachycardia pacing regimen previously applied 
to the patient (208). In some examples, a determination about 
the effects of anti-tachycardia pacing is made using a method 
of dynamic discrimination described in commonly assigned 
U.S. Pat. No. 7,317.942, issued Jan. 8, 2008, entitled 
DYNAMIC DISCRIMINATION UTILIZING ANTI-TA 
CHY PACING THERAPY IN AN IMPLANTABLE MEDI 
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CAL DEVICE to Brown et al., and incorporated herein by 
reference in its entirety. For example, instances where IMD 
16 delivered an antitachycardia pacing regimen may be iden 
tified by IMD 16 or programmer 24 and the corresponding 
EGM signal data may be stored in memory 92. The EGM 
signal associated with the therapy may be reviewed to deter 
mine a mean cycle length between atrial events occurring 
prior to the delivery of the antitachycardia pacing therapy and 
comparing the determined atrial cycle length during the deliv 
ery of the pacing therapy to a mean cycle atrial cycle length 
during the episode. If the difference between the mean atrial 
cycle and the atrial cycle length during the delivery of the 
pacing therapy is less than or equal to a predetermined atrial 
cycle length threshold. Such as 30ms for example, the episode 
is classified as being a SVT (206). If the difference between 
the mean atrial cycle length for the episode and theatrial cycle 
length during the delivery of the pacing therapy is greater than 
the predetermined threshold then episode classifier 318 con 
tinues with the classification algorithm. 

If the PP interval (or atrial cycle) of the episode is not the 
same as theatrial cycle length during ATP, then the morphol 
ogy of a maximum interval within the episode being classified 
and the minimum interval within the episode being classified 
are compared. Episode classifier 318 determines whether the 
intervals have the same morphology despite having different 
RR intervallengths (218). In some examples, the comparison 
occurs if the difference between the maximum interval and 
the minimum interval is greater than a predetermined thresh 
old. A determination is then made as to whether the correla 
tion between the morphologies of the two intervals is greater 
than a predetermined correlation threshold, such as 0.94, for 
example. 

If the correlation between the two intervals is greater than 
the predetermined correlation threshold, then the detected 
episode is classified as being SVT (206). If the correlation is 
below the predetermined correlation threshold, or the differ 
ence between the maximum and minimum intervals is below 
the predetermined threshold for difference between the two 
intervals, then the morphology of the intervals within the 
episode are compared to a VT template. Episode classifier 
318 determines how many of the intervals have a morphology 
that matches the VT template (220). The VT template may be 
one of more VT templates stored within memory 92. In some 
examples the VT template may have been stored during the 
classification of a previous episode from the same patient. 
Episode classifier 318 compares each interval within the epi 
sode with the VT template and determines whether each 
interval correlates to the VT template based on a predeter 
mined correlation threshold. If the number of intervals having 
morphologies that correlate to the VT template is above a 
predetermined matching percentage threshold, then the mor 
phology for the episode is determined to match the template. 
In response, the episode is classified at VT/VF (212). If the 
number of intervals having morphologies that correlate to the 
VT template is below the predetermined matching percentage 
threshold, then the episode is classified as unknown (195). 
The matching percentage threshold may be programmable by 
a default, or may be adjusted by the clinician or other user. In 
Some examples the threshold may be adjusted on a patient 
by-patient or clinic-by clinic basis. In some examples, the 
matching percentage threshold may be between approxi 
mately 70% and 85%. In some examples, the matching per 
centage may be approximately 80%. 

In the episode that the A/V ratio during the beats preceding 
detection (196) is such that the number of atrial sensed events 
is below the number of ventricular sensed events within a 
window preceding detection, then an interval may be stored 
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as a VT template (210). The episode is classified as VT/VF 
(212). In some examples, the difference between the number 
of atrial sensed events and the number of ventricular sensed 
events must be greater than 1. 

In response to an A/V ratio during the beats preceding a 
detection (200) where the number of atrial sensed events is 
greater than the number of ventricular sensed events, episode 
classifier 318 determines whether the data used by IMD 16 
during the initial classification of the episode includes RR 
intervals that are regular, and whether the PR intervals are 
stable (214). In an example to illustrate how processor 86 
determines whether the RR intervals are regular and whether 
the PR intervals are stable (214), an episode being processed 
includes a number of intervals to detection (NID) of 16 inter 
vals. That is, during the initial detection process IMD 16 
detected the occurrence of a cardiac episode once the detec 
tion criteria had been met, i.e., once 16 intervals having a rate 
lower than the threshold rate were detected. In some 
examples, IMD 16 continuously stores a buffer containing a 
number of the most recent intervals of the EGM signal. This 
may allow IMD to store an EGM signal including all 16 
intervals resulting in detection to memory 72 after detection. 
In order to determine whether the data used by IMD 16 during 
the initial classification of the episode as a detected episode 
includes intervals that are regular a modesum of the 16 RR 
intervals resulting in detection is generated by determining 
whether the number of intervals in the two highest modes 
(i.e., most frequent bins) is greater than a predetermined 
percentage of the number of RR intervals. The percentage 
may be 67%, for example. If the number of intervals in the 
two highest modes is above the percentage threshold, then the 
data is considered to include regular RR intervals. 

Episode classifier 318 also determines whether the AV 
intervals associated with the initial identification of the epi 
sode as a cardiac episode are stable. For example, in order to 
determine whether the AV intervals associate with the initial 
identification of the episode as a cardiac episode are stable, 
PR intervals, i.e., the time between an atrial sensed event and 
a Subsequent ventricular sensed event, are determined for 
each of the 16 intervals. In some examples, in order to reduce 
the effect of outliers, once the PR intervals are determined for 
each of the intervals associated with the initial identification 
of the episode as a cardiac episode, a predetermined number 
of maximum PR intervals and minimum PR intervals are 
removed. For example, one-sixth of the maximum PR inter 
vals and one sixth of the minimum PR intervals may be 
removed. A PR range is then determined as the difference 
between the minimum PR interval and the maximum PR 
interval. Episode classifier 318 then determines whether the 
range of PR intervals satisfies a PR stable criterion. For 
example, a determination may be made as to whether the 
range of the remaining PR intervals is less than 20 ms. In 
response to a determination that the RR intervals are regular 
and the PR intervals are stable, the episode is classified as 
SVT (206). If episode does not include both regular RR 
intervals and stable PR intervals then episode classifier 318 
determiners how many atrial sensed events are unassociated 
with a Ventricular sensed event and how many atrial events are 
associated with a ventricular event (120). The episode clas 
sifier 318 may look for approximately consistent AV intervals 
for atrial sensed events associated with a ventricular sensed 
event. If the number of atrial sensed events part of an AV 
interval is above a predetermine threshold, then the cardiac 
episode is classified as SVT for the NF EGM channel (158) by 
episode classifier 318. 

If the number of unassociated atrial events is below a 
predetermined threshold, as discussed above, the data asso 
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ciated with the episode is examined to determine whether RR 
intervals with different lengths have approximately the same 
morphology (218). In some examples the maximum and 
minimum intervals in the episode are compared and, if the 
difference in interval value is greater than a predetermined 
threshold, such as 100 ms for example, then the morphology 
of the maximum interval is compared to the morphology of 
the minimum interval. If the morphologies are found to cor 
relate, the episode is classified as SVT (206). As described 
above, if the maximum and minimum intervals are not found 
to correlate, then the morphologies of each of the intervals 
associated with detection of a cardiac episode are compared 
with a template or templates stored in memory 92, the tem 
plate or templates being VT templates. Episode classifier 318 
determines for each of the intervals whether the correlation of 
the morphology between the interval and the template is 
greater than a predetermined correlation threshold. If then 
number of intervals having morphologies that correlate to the 
stored template is greater than a predetermined matching 
percentage threshold, than the episodes is classified as being 
VT/VF (220). If the number of intervals that match is below 
the matching percentage threshold, then episode classifier 
318 determines if the morphology of the intervals matches a 
sinus template (222). 

Determining whether the morphology of the episode 
matches a sinus template (222) is performed in a manner 
similar to the one used to determine if the morphology of the 
episode matches a VT template (220). The morphologies of 
each of the intervals within the episode are compared with a 
sinus template or templates stored in memory 92. A particular 
sinus template may be selected based on, for example, the 
most common morphology at time of possible collection of a 
template, or waveform average. In some examples, a particu 
lar sinus template may be selected based on the channel of the 
EGM signal being analyzed. Episode classifier 318 deter 
mines for each of the intervals whether the correlation 
between the morphologies of the interval and the sinus tem 
plate is greater than a predetermined correlation threshold. If 
the number of intervals having morphologies that correlate to 
the stored template is greater than a predetermined matching 
percentage threshold, then the episode is classified as SVT 
(206). If the number of intervals that match is below the 
matching percentage threshold, then the episode is classified 
as unknown (194). 

FIG. 8 is flow chart illustrating a method of classifying an 
episode when the ratio of atrial sensed event and ventricular 
sensed event is 1:1. The method may be used with algorithm 
illustrated in FIGS. 6A-6C or the algorithm in FIG. 7. The 
method may also be used for real time classification of an 
EGM signal by IMD 16. As discussed above with respect to 
FIGS. 6A, 6B and 7, in order to determine that the ratio of 
atrial sensed events to ventricular sensed events is 1:1 (176) 
episode classifier 318 determines if each of the adjacent ven 
tricular sensed events is separated by a single atrial sensed 
event. When used as part of a larger classification scheme, if 
there is not a 1:1 ratio between atrial sensed events and 
ventricular sensed events, episode classifier 318 may move to 
the next step in the classification algorithm. If the atrial 
sensed events and Ventricular sensed events are appropriately 
interleaved, then episode classifier 318 determines the beat to 
beat cycle lengths of RR intervals and PP intervals (178). 
Using the determined cycle lengths, processor 86 determines 
if there are cycle length changes for the RR intervals or the PP 
intervals (180). In some examples, consecutive intervals, 
either RR intervals or PP intervals, are not classified as having 
a change in cycle length if the variation in the interval length 
is less than a predetermined threshold. In some examples, the 
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predetermined threshold may be 10% of the previous cycle 
length. The use of a threshold removes minor fluctuations in 
the cycle length. In some examples, episode classifier 318 
determines the direction of the change in interval length. 

Episode classifier 318 compares changes in the beat to beat 
cycle lengths of the RR intervals and the PP intervals (182). 
The processor compares changes in RR intervals to any 
changes in PP intervals, and vice versa, for intervals in 
approximately the same time period. For a given comparison 
processor 86 may determine which interval changed first and 
whether the interval lengths changed in the same direction, 
i.e., both increasing or both decreasing. Episode classifier 318 
then determines if the RR intervals or the PP intervals con 
sistently leads changes in the beat to beat cycle lengths (184). 
The episode is then classified based on the change leader 
(186). If the atrial sensed events and corresponding PP inter 
vals lead changes in interval length then the episode is clas 
sified as SVT. If the ventricular sensed events and corre 
sponding RR intervals lead the changes in intervallength then 
the episode is classified as VT/VF. If there are no changes in 
interval length or there is not a consistent leader to the 
changes in interval length, then the episode is not classified. 

FIG. 9A is an example marker channel 228 having a 1:1 
ratio. As shown in FIG.9A, each ventricular sensed event V 
is separated by an atrial sensed event A. In marker channel 
228 changes in the interval length between the atrial sensed 
events consistently lead the changes in the interval length 
between ventricular sensed events. For example, PP interval 
230 is shorter than preceding PP interval. RR interval 232 is 
also shorter than the preceding RR interval. Because interval 
230 starts before interval 232, interval 230 is considered to be 
leading the change in interval length. Throughout the portion 
of marker channel 228 depicted the length of time between 
atrial sensed events changes before the length of time 
between Ventricular sensed events changes. Using the method 
described in FIG. 8, an episode including marker channel 228 
would be classified as SVT. 
FIG.9B is an example marker channel 238 having a 1:1 

ratio. As shown in FIG.9B, each ventricular sensed event V 
is separated by an atrial sensed event A. In marker channel 
238 changes in the interval length between the ventricular 
sensed events consistently lead the changes in the interval 
length between atrial sensed events. For example, RR interval 
236 is shorter than the preceding RR interval. PP interval 234 
is also shorter than the preceding PP interval. Because inter 
val 236 starts before interval before interval 234, interval 236 
is considered to be leading the change in interval length. 
Throughout the portion of marker channel 238 depicted the 
length of time between Ventricular sensed events V changes 
before the length of time between atrial sensed events A. 
Using the method described in FIG. 8, an episode including 
marker channel 238 would be classified as VTIVF. 
With regards to FIGS. 8,9A and 9B, if either RR interval or 

the PP interval consistently leads with respect to beat to beat 
cycle length changes, then it is most likely contraction is 
originating in a location corresponding to the respective por 
tion of the EGM signal. A P-wave corresponds to contraction 
of the atrium. Accordingly, if any changes in cycle length 
show up in the PP interval first, contraction of the heart is most 
likely starting in the atrium. Similarly, an R-wave corre 
sponds to contraction in the ventricles. Accordingly, if any 
changes in cycle length show up in the RR interval first, 
contraction of the heart is most likely starting in the ven 
tricles. Based on this association one can reasonably assume 
that if an arrhythmia is occurring that is led by theatrium, it is 
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a Supraventricular tachycardia, and if the arrhythmia is led by 
the ventricles it is either ventricular tachycardia or ventricular 
fibrillation. 

FIG. 10 depicts an example method of selecting a sinus 
template during anti-tachycardia pacing (ATP). The method 
may be implemented by either IMD 16 or an external device 
Such as programmer 24. A processor, Such as processor 70 or 
processor 86, determines if ATP has been provided 240. If 
not, then the device continues to monitor the EGM signal 
(246). IF ATP has been provided (240), then the processor 
next determines if the RR interval has increased by at least 
100 ms (242) from pre diagnosis of arrhythmia and applica 
tion of ATP to post-ATP. An increase in RR interval by 100ms 
or more may indicated that the ATP has been successful. The 
processor then determines if there is a 1:1 A:V post-ATP 
rhythm (244). As discussed above a 1:1 AV rhythm comprises 
a marker channel with alternating atrial sensed events and 
Ventricular sensed events, where there are no occurrences of 
two of the same time of event in a row. The processor next 
determines if the PR interval is greater than 80 ms (248). 
Processor 86 also determines if the post ATP signal include an 
RR interval greater than 500 ms (250). Processor 86 also 
determines if there are two consecutive RR interval values 
within 50 ms (252). The processor 86 selects one of the sensed 
ventricular EGMs and stores the selected sensed ventricular 
EGM as a template (254). 
A template collected according to the method of FIG. 10 

may be used by an external device as part of a classification 
algorithm. The template may also be used during real time 
detection by the IMD 16 to strengthen or make a decision 
regarding diagnosis. For example. If the current heart rate is 
within the VT/VF Zone, then the current morphology is com 
pared to the sinus template. If a match is found, IMD with 
holds detection of VTVF. If the two do not match, a normal 
VT/VF algorithm may continue. 

FIG. 11 depicts an example method of selecting a sinus 
template based on an EGM signal prior to diagnosis of a 
cardiac episode by IMD 16. Episode classifier 318 monitors 
the EGM signals prior to detection of a treatable rhythm (258) 
within an episode provided by IMD 16 to programmer 24. 
Episode classifier 318 determines if there were more ven 
tricular events than atrial events prior to detection (260) and 
diagnosis. If there are not more ventricular events than atrial 
events in the episode prior to detection then the attempt to 
collect a sinus template ends (262). If there are more ventricu 
lar sensed events than atrial sensed events, the processor 
determines if the signal prior to onset includes a portion that 
has a 1:1 A:Vrhythm (264). If there is a portion with a 1:1 A:V 
rhythm, then processor 86 determines if there is a PR interval 
that is greater than 80 ms (266) in the portion of the episode 
with a 1:1 A:V rhythm. The processor also determines if there 
is an RR interval greater than 500 ms (268). The last require 
ment for selecting an interval to save as a template is the 
presence of two consecutive sensed RR intervals values 
within less than 50 ms of each other (270). If any of the 
requirements are missing, then the process ends (262) and no 
template is collected. If all are present, then Episode classifier 
318 grabs one of the sensed intervals and stores it as a sinus 
template (272). The interval selected is one of the ventricular 
sensed EGM that is close together. 

FIG. 12 includes an EGM signal 280 including successful 
anti-tachycardia pacing 282 and an interval 284 that is appro 
priately selected as a sinus template. EGM signal fits the 
criteria as outlined in FIG. 10. An interval 284 is selected and 
stored separately for use as a sinus template in various clas 
sification algorithms. 
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FIG. 13 includes EGM signals 300 and 302 including a 
pre-onset of episode period 304. As shown in FIG. 13, the 
portions within the dotted boxes, 308A and 308B, are col 
lected sinus templates for the respective EGM signal chan 
nels. The ventricular template may be selected based on the 
method put forth in FIG. 11. 
The techniques described in this disclosure may be imple 

mented, at least in part, in hardware, Software, firmware, or 
any combination thereof. For example, various aspects of the 
techniques may be implemented within one or more micro 
processors, digital signal processors (DSPs), application spe 
cific integrated circuits (ASICs), field programmable gate 
arrays (FPGAs), or any other equivalent integrated or discrete 
logic circuitry, as well as any combinations of Such compo 
nents, embodied in programmers, such as physician or patient 
programmers, stimulators, or other devices. The terms “pro 
cessor,” “processing circuitry.” “controller” or “control mod 
ule' may generally refer to any of the foregoing logic cir 
cuitry, alone or in combination with other logic circuitry, or 
any other equivalent circuitry, and alone or in combination 
with other digital or analog circuitry. 

For aspects implemented in Software, at least some of the 
functionality ascribed to the systems and devices described in 
this disclosure may be embodied as instructions on a com 
puter-readable storage medium such as random access 
memory (RAM), read-only memory (ROM), non-volatile 
random access memory (NVRAM), electrically erasable pro 
grammable read-only memory (EEPROM), FLASH 
memory, magnetic media, optical media, or the like. The 
instructions may be executed to Support one or more aspects 
of the functionality described in this disclosure. 

Various embodiments of the invention have been 
described. These and other embodiments are within the scope 
of the following claims. 
What is claimed is: 
1. A method comprising: 
collecting a sinus template from a first ventricular EGM 

signal, 
wherein the sinus template comprises a portion of the 

first ventricular EGM signal including at least one 
ventricular beat, and 

wherein collecting the sinus template comprises collect 
ing the sinus template from a portion of the Ventricular 
EGM that occurred when the ventricular EGM signal 
and an atrial EGM signal indicated a one to one ratio 
of atrial events to ventricular events, a P-R interval 
greater than a first predetermined threshold, an R-R 
interval greater than a second predetermined thresh 
old, and two consecutive R-R intervals within a pre 
determined range; 

comparing the sinus template to a second Ventricular EGM 
signal; and 

determining, based on the comparison, whether the mor 
phology of the second ventricular EGM signal matches 
the sinus template. 

2. The method of claim 1, wherein the sinus template 
comprises a portion of the first ventricular EGM signal adja 
cent and Subsequent to an anti-tachycardia pacing period. 

3. The method of claim 2, wherein collecting the sinus 
template comprises collecting the sinus template when the 
portion of the first ventricular EGM signal adjacent and sub 
sequent to the anti-tachycardia pacing period comprises an 
R-R interval that has increased by at least about 100 millisec 
onds (ms) from a pre anti-tachycardia pacing R-R interval. 

4. The method of claim 1, wherein the sinus template 
comprises a portion of the first ventricular EGM signal prior 
and adjacent to onset of a cardiac arrhythmia episode. 
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5. The method of claim 1, further comprising preforming 

real-time diagnosis of cardiac arrhythmia based on the sinus 
template by an implantable medical device. 

6. The method of claim 1, further including determining 
whether a cardiac arrhythmia diagnosis previously made by 
an implantable medical device was correct based on the sinus 
template. 

7. The method of claim 1, further comprising: 
determining whethera morphology of the second Ventricu 

lar EGM signal and a morphology of the sinus template 
match; and 

classifying an episode including the second Ventricular 
EGM signal as a Supraventricular tachycardia in 
response to determining that the morphologies match. 

8. The method of claim 7, whereindetermining whether the 
morphologies match comprises 

comparing each of a plurality of intervals of the second 
ventricular EGM signal to the sinus template: 

determining, based on the comparison, a level of correla 
tion between each of the plurality of intervals and the 
sinus template; 

classifying each of the plurality of intervals as matched or 
unmatched based on a predetermined threshold for level 
of correlation; 

comparing a percentage of intervals classified as matched 
to a predetermined matching percentage threshold, and 

determining that the morphologies matchin response to the 
percentage of intervals classified as matched being 
above the predetermined matching percentage thresh 
old. 

9. The method of claim 1, further comprising comparing an 
episode comprising the second Ventricular EGM signal to a 
VT template, and: 

in response to a match between the episode and the VT 
template classifying the episode as Ventricular tachycar 
dia or ventricular fibrillation; and 

in response to no match between the episode and the VT 
template, comparing the episode to the sinus template. 

10. The method of claim 1, wherein the first predetermined 
threshold is about 80 ms, the second predetermined threshold 
is about 500 ms, and the predetermined range is about 50 ms. 

11. A device comprising: 
a processor configured to 

collect a sinus template from a first ventricular EGM 
signal, 

wherein the sinus template comprises a portion of the 
first ventricular EGM signal including at least one 
ventricular beat, and 

wherein collecting the sinus template comprises collect 
ing the sinus template from a portion of the Ventricular 
EGM that occurred when the ventricular EGM signal 
and an atrial EGM signal indicated a one to one ratio 
of atrial events to ventricular events, a P-R interval 
greater than a first predetermined threshold, an R-R 
interval greater than a second predetermined thresh 
old; and two consecutive R-R intervals within a pre 
determined range; 

compare the sinus template to a second ventricular EGM 
signal, and 

determine, based on the comparison, whether the mor 
phology of the second ventricular EGM signal 
matches the sinus template. 

12. The device of claim 11, further including a sensing 
module configured to receive the EGM signal from electrodes 
coupled to the device. 
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13. The device of claim 11, wherein the sinus template 
comprises a portion of the first ventricular EGM signal adja 
cent and Subsequent to an anti-tachycardia pacing period. 

14. The device of claim 13, wherein collecting the sinus 
template comprises collecting the sinus template when the 
portion of the first ventricular EGM signal adjacent and sub 
sequent to the anti-tachycardia pacing period comprises an 
R-R interval that has increased by at least about 100 ms from 
a pre anti-tachycardia pacing R-R interval. 

15. The device of claim 11, wherein the device is an 
implantable medical device and the processor is further con 
figured to preform real time diagnosis of cardiac arrhythmia 
based on the sinus template. 

16. The device of claim 11, wherein the processor is further 
configured to determine whether a cardiac arrhythmia diag 
nosis previously made by the implantable medical device was 
correct based on the comparison of the second ventricular 
EGM signal to the sinus template. 

17. The device of claim 11, wherein the processor is further 
configured to 

determine whether a morphology of the second ventricular 
EGM signal and a morphology of the sinus template 
match; and 

classify an episode including the second ventricular EGM 
signal as a Supraventricular tachycardia in response to 
determining that the morphologies match. 

18. The device of claim 17, wherein the processor if further 
configured to make the determination whether the morpholo 
gies match by 

comparing each of a plurality of intervals of the second 
Ventricular EGM signal to the sinus template; 

determining, based on the comparison, a level of correla 
tion between each of the plurality of intervals and the 
sinus template: 

classifying each of the plurality of intervals as matched or 
unmatched based on a predetermined threshold for level 
of correlation; 

comparing a percentage of intervals classified as matched 
to a predetermined matching percentage threshold, and 

determining that the morphologies match in response to the 
percentage of intervals classified as matched being 
above the predetermined matching percentage thresh 
old. 
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19. The device of claim 11, wherein the processor if further 

configured to compare an episode comprising the second 
EGM signal to a VT template, and 

in response to a match between the episode and the VT 
template classify the episode as ventricular tachycardia 
or ventricular fibrillation; and 

in response to no match between the episode and the VT 
template, compare the episode to the sinus template. 

20. The device of claim 11, wherein the first predetermined 
threshold is about 80 ms, the second predetermined threshold 
is about 500 ms, and the predetermined range is about 50 ms. 

21. A device comprising: 
means for collecting a sinus template from an EGM signal; 

the sinus template collected when the EGM signal has a 
one to one ratio of atrial events to ventricular events, a 
P-R interval greater than 80 milliseconds (ms), an R-R 
interval greater than 500 ms; and two consecutive R-R 
intervals within 50 ms of each other; 

means for comparing the sinus ventricular beat template to 
a second EGM signal, and 

means for determining, based on the comparison, whether 
the morphology of the second EGM signal matches the 
sinus template. 

22. A computer-readable medium containing instructions, 
the instructions causing a programmable processor to: 

collect a sinus template from a first ventricular EGM sig 
nal, 

wherein the sinus template comprises a portion of the first 
Ventricular EGM signal including at least one ventricu 
lar beat, and 

wherein collecting the sinus template comprises collecting 
the sinus template from a portion of the ventricular EGM 
that occurred when the ventricular EGM signal and an 
atrial EGM signal indicated a one to one ratio of atrial 
events to Ventricular events, a P-R interval greater than a 
first predetermined threshold, an R-R interval greater 
than a second predetermined threshold; and two con 
secutive R-R intervals within a predetermined range: 

compare the sinus template to a second ventricular EGM 
signal, and 

determine, based on the comparison, whether the morphol 
ogy of the second ventricular EGM signal matches the 
sinus template. 


